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FOREWORD

This report on the Design Approval Testing of the

Gemini 100-pound-thrust 0_MS Long-Dt_ation Thrust

Chamber Assembly was prepared for the McDonnell

Aircraft Corporation in accordance with _lrchase

Order Y20161R.

ABSTRACT

The Design Approval Test program conducted on the

Gemini lO0-pound-thrust 0AMS Long-Duration Thrust

Chamber Assembly is described. Test data,

photographs of test equipment, and test summaries

are included.
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INTRODUCTION ARrD SUI_IARY

The Design Approval Test program for the Gemini lO0-pound-thrust 0rbiL

Attitude and Naneuver System (0AMS) Long-Duration Thrust Chamber

Assembly (TCA) was conducted in compliance with McDonnell Aircraft

Corporation Purchase Order Y2016IR.

The objective of the Design Approval Test (DAT) program was to demonstrate

compliance of the lO0-pound-thrus% 0AMS Long-Daraiion TCA with %he require-

menLs of McDonnell Aircraft Corporation Specification Control Drawing

52-52701 by conducting a planned series of envirol_menLal and opera%in_

tests on one TCA.

B

R

W

|

Two TCA's were required for the program because of the necessity of sub-

jeciing a TCA %o mechanical shock testing without the McDonnell Aircraft

Corporation (MAC) added ablative nozzle extension. The two TCA's were

designated Units 1 and 1A for purposes of identification during the

program.

During the mission duly cycle %es% conducted on Unit 1, %be nozzle shell

temperature exceeded %he specification maximum of 500 F. This failure was

reported in 0FR (FAR) 32690R of Appendix B. No performance degradation or

incipient failure was observed during the test.

|

W

!

During the posLmechanieal shock funciional test conducted on Unit IA, ihe

oxidizer valve failed %o meet %he specification closing response time

requirement. This failure was reported in 0FR (FAR) 1285]R of Appendix B.

The valve was subjected to a phosphoric acid flush after which it operaied

satisfactorily. The mechanical shock Zest was then rerun and completed

successfully. It can be concluded thai contamination caused this failure

because the performance was within s_ecification limits after the phos-

phoric acid flush.

R-15019-2 1
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Compliance of the ]00-pomld _hrus_c 0AMS Long-Duration TCA with all

specification requirements was adequately demonstrated by the Design

Approval Tes_ program.

F
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DESCRIFrION OF IO0-POUND-3_II.UST 0A_ LONG-DU]btTION

TKI{UST CttA_iBER ASSE_fl_LY P/N 209301

The 100-pound-thrust Orbit Attitude and Maneuver System (O_IS) Long-

I_lration Thrust Chamber Assembly (TCA) (Fig. 1 and 2) is a storable liquid,

bipropellan%, pressure-fed ablation cooled assembly, i% is used in the

Orbit Attitude and Maneuver System for horizontal and vertical translational

maneuver control of the Gemini spacecraft. The thrust level and propellant

mixture ratio are controlled by fixed orifices located at the propellant

Valve inlets. The propellants used are nitrogen tetroxide (NT0) as the

oxidizer and monomef, hvlhy,t,-_,_,_ (X_m_ _= +I_ v_,_l

The thrust chamber core is made in two se_nents: the combustio_ zone

segment and the nozzle segment. The combustion zone segment is fabricated

from 6-degree oriented (referenced to the TCA centerline) resin impregnated

high-silica ablative material. The nozzle segment is fabricated from 0-

degree oriented (parallel to the TCA centerline) resin impregnated high-

silica ablative material. In addition, the thrust chamber is wrapped with

a layer of phenolic bonded asbestos fiber to provide additional sealing

capabilities. The bond line between the combustion chamber segment and

the nozzle segment is located in a low-pressure, low-stress area aft of

the throat insert. Structural support for the thrust chamber body assembly

is provided by .layers of high-temperature , high-strength glass cloth and

filmnent wouhd glass roving bonded by phenolic resin. Additional layers

of glass roving provide added strength in the injector attacl_nen£ and

throat areas. The thrust chamber body is encased in a stainless-steel

Shell %o provide structural attachment between the thrust chamber assembly

and the spacecraft. The combustion chamber of the TCA contains a one-piece

JTA graphite liner "backed up" by a 0-degree oriented ablative sleeve. A

throat insert of solid silicon carbide is used to resist the erosive effects

of the combustion gases.

I{-15019-2 3
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FLANGE

100-Pound-Thrust 0AMS Long-Duration TCA Schematic
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The thrust chamber injector is fabricated from stainless steel. It con-

sists of 16 pairs of unlike doublets which impinge on a splash plate pro-

viding propellant mixing for high combustion efficiency. In addition,

there are extra fuel injection orifices aro_md the periphery to provide

bomldary layer cooling in the combustion zone.

TCA operation is controlled by two fast acting, electrically operated,

solenoid propellant valves (Fig. 5)- The valves are attached to a mounting

bracket which is in turn attached to the injector plate. The basic pro-

pellant valve design embodies a hermetically sealed solenoid. Valve seal-

ing is accomplished through the use of a precision ground ball, attached

to the armature, which rests on a Teflon seat in the closed position. A

metal stop below the Teflon seat is incorporated to limit the armature

stroke. Closing is accomplished through the use of a spring, and sealing

force is obtained from the spring and the pressure of propellant acting

on the ball.

The long-duration configuration lO0-pound-thrust 0AMS TCA is essentially

the same as the 100-pound-thrust OiX_ TCA P/N 2075h0 configuration, des-

cribed in Rocketdyne Report R-15019-2, Volume II, Book _, modified to

provide the extended life required during the Gemini spacecraft rendezvous

missions. The primary modification made to obtain the extended life capa-

bility was the addition of extra fuel injection orifices around the peri-

phery of the thrust chamber injector to provide boundary layer cooling in

the combustion zone. Improved propellant valves were also incorporated

into this long-duration configuration TCA.

The physical and performance data for this TCA are presented in Table 1.

6 R-15019-2
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TABLE ]

]00-POUND-TI]]_UST 0AMS LONG-DUIL&TION TCA, P/N 20930],

PHYSICAL A_\_ PERFORMANCE DATA

Compliance of %he Gemini ]O0-pound-ihrust OAMS TCA P/N 209301 with the

following physical and performance requirements has been verified by

design approval tests.

Physical Data

Envelope, inches

Weight, Nominal, pounds

Compatibility

Materials

Valve Parts, Internal Exposed

Injector

Thrus_ Chamber Core

Structura] Shell and Brackets

Performance Data

Propellan6s

Thrust, Vacuum, ]laLed, pounds

Chamber Pressure, Nominal, psia

Mixture Ratio, Rated_ o/f

Specific Impulse

Oxidizer, Inle_ Pressure,

l_ated, psia

overal] dimensions: length ]5.5,

forward 0D 4.0 and aft OD 5.5

9.3

nitrogen %e%roxide and monomethyl-

hydrazine

CRES and Teflon

type 32] CRES

ab]a%ive and ceramic

type 321CRES

nitrogen te%roxide and monomethy]-

hydrazine

94.5

134.0

1.20

classified (see Page 9)

286

8- R-15019-2 ,
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TABLE 1_

(Continue d)

Performance Da_a

Specific Impulse, Nominal, seconds 272

_Classified Parameter

R-15019-2 9
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T_LE 1

(Cont inued)

Performance Data (Continued)

F'del Inlet Pressure, Rated, psia 280

Life, Specification Performance _C

Mission Duty Cycle 0CM 202, seconds 557

Life, Guaranteed, MAC Mission Duty

Cycle 0CM 202, seconds 757

Propellant Valve Service Life, cycles 50,0001

Propellant Valve Voltage, Nominal, vdc 26.0

Propellant Valve Current, Nominal, amps 0.619

Start Time, Nominal (on signal to 90

percent of thrust), milliseconds,

maximum 50

Shutdown Time (with spacecraftelectrical

circuit; off signal to 2 percent of
thrust), milliseconds, maximum 125

Environmental Temperature Range,
Operating, F

Environmental Temperature Shock

Range, Nonoperating, F

Vibration Level Random, g rms

Shock Level (In Shipping Container)

Proof Pressure

15 to 200

-40 to +185

9.6

15 g/ll milliseconds

J_80 psig at 68 F

1This requirement was verified as reported in Rocketdyne Report R-15019-2,

Volume II, Book 3.

R-15019-2 11



12

l:i. O C II1[ E T D 3i_- ]_1_ E • A DIVIStON OF NORTH AMERICAN AVIATION, INC

This page intentionally ]eft blank.

R-15019-2

U

0

D

Q

Q

0

D



m?
][_ O C ]i_ E "]r X3P _&" _1_ ]E_ • A DIVISION OF" NORTH AMERICAN AVIATION, INC

TEST PROG IL_4

TEST OUTLINE

Two TCA's, designated Units ] and IA, were subjected to the tests outlined

below in the order listed.

Unit ]

i. Visual Inspection

a. Component modification

2. Vibration Test

a. Propellant valve proof pressure and leakage

b. Thrust chamber proof pressure and leakage

c. Propellant valve electrical resistance

d. Propellant valve dielectric strength

e. Propellant valve functional

3. Mission Duty Cycle to Guaranteed Life (757 Seconds; 200 F

Environment)

Unit IA

I. Visual Inspection

2. Mechanical Shock Test
q

R-15019-2 15
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a. Propellant valve proof pressure and ]e_age

b. Thrust chm_er proof pressure and le_aEe

c. Propellant valve electrical resistance

d. Propellant valve dielectric strength

e. Propellant valve functional

L_

f':

TEST UNIT IDENTIFICATION, P/N 209501

Unit 1 S/N 406_i04

Unit IA S/N 4066382

B

TEST DESCRIPTION AND RESULTS, UNIT 1

VISUAL INSPECTION

Description

Unit 1 was inspected to ensure that it was of the proper configuration,

was undamaged, and had been subjected to and passed an acceptance test

per Rocketdyne Specification RA0220-_08.

The unit was then shipped to McDonnell Aircraft Corporation (_C) for

installation of an aft mounting tab and a nozzle extension per _._C

drawing 52-52067. This modification was made so that the TCA would

reflect the flight configuration during the subsequent DAT_vibration test.

Q

B
14 R-15019-2
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A poLLing compound was also added by MAC in the cavity between the

thrust chamber body and the CITES shell. Following the return of the

unit to Rocketdyne, simulated spacecraf± system inlet tube extensions

(P/N 99-106715 and 99-106716) were attached to tile existing fuel and

oxidizer inlet tube stubs. Installation of the Lube extensions was

accomplished per RockeLdyne SpecificationRA0607-007, "In-Place Brazing

of Tubes and Fittings for Space Engines."

Results

Visual inspection was successfully completed.

VIBRATION TEST

Description

Unit 1 was mounted in _tAC-supplied spacecraft braeketry, which in turn

was mounted to a rigid test fixtl_re, and installed in tile vibration test

setup facility. Unit 1 was subjected to random vibration testing along

each of the three mutually perpendicular axes. The random vibration time

for each axis was 8 minutes less the equalization time required to verify

the spectrum shape and tolerance. The maximum allowable equalization time

was 20 percent-of the vibration time for each axis.

Prior to the start of the random vibration testing in each axis, a sine-

wave survey (1 g maximum pe_, logarittunic sweep from 5 cps to 2000 cps

in 5 minutes) was conducted to calibrate the input and output accelerometers.

R-15019-2 15
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The random vibration test was at an overall equivalent level of 9.6 g

rms. The vibration frequency was varied from 20 to 2000 cps. The

vibration spectrum was as follows:

1. 0.04 to 0.2 g2/cps from 20 to 100 cps

2. 0.2 g2/cps from 100 to h00 cps

3. 0.2 to 0.01 g2/cps from 400 to 600 cps

h. 0.01 g2/cps from 600 to 2000 cps

}4

Functional and leakage tests were conducted following completion of the

vibration testing.

Results

The vibration test was successfully completed. During the postvibration

functional tests, both propellant valves exceeded the specification

closing time of 75 milliseconds when tested using the si_mllated spacecraft

electrical control circuit _lich was installed at the request of the

customer. Both valves were then tested using the normal acceptance test

electrical circuit, and they both closed within the maximum time require-

ment of 5 milliseconds, thus establishing the fact that the closing time

requirements for the respective electrical control circuits were not

compatible. Because of the differences between the two electrical control

circuits, this was not considered a failure and testing was continued as

authorized by Rocketdyne Internal Letter 5388-61_7, page 158 of Appendix D.

MISSION DUTY CYCLE TO GUARANTEED LIFE (757 SECONDS)

In preparation for the mission duty cycle (bDC) test on Unit l, the

simulated spacecraft system tube extensions were replaced by inlet tube

16 R-15019-2
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adapters (P/N 99-106126). Installation of the adapters was accomplished

per Rockeidyne Specification Pa0607-009, "In-Place Brazing of Tubes and

Fittings for Space Engines. "

Description

Unit l was installed in the hot-fire Lest facility and _'as subjected to

a mission duly cycle test (MDC) (MAC MDC 0CM 202) to 757 seconds. The

first portion of the MDC consisted of a "cape firing cycle" conducted

under conditions of local ambient pressure and temperature. Following

the "cape firing cycle", the TCA and the test facility propellant supply

were conditioned to a temperature of 200 F and held at this temperature<'77 -

for a period of 1 hour prior to start of the second portion of the 5[DC.

i

The second portion of the MDC was programmed to consist of the pulses _i

{

described in Table II, page 2_0 of Appendix D up to a total accumulated l

MDC burn time of 757 seconds. Throughout this portion of the test_ a /

black body shield, positioned arotmd the TCA, was maintained at 200 F, i

\
the propellants were maintained at 160 F, and a simulated pressure /_

altitude in excess of I00,000 feet was maintained.

Results

The MDC to guaranteed life was adequately completed. As the result of a

minor MDC control system tape problem, however, the total accumulated burn

time was 7_9 seconds. This problem was not discovered until the test had

been completed. The loss of %he 8 seconds of burn time, however, did not

significantly alter the results. During the MDC, the TCA shell temperatures

exceeded the specification limit of 500 F. This failure was reported in

R-15019-2 17
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J:

0FR (FAR) 32690R of Appendix B. Tile maximum temperature recorded was

850 F. This Zemperature was measured on the nozzle shell after approxi-

mately 5_8 seconds of burn _ime. The TCA completed tim MDC with no

performance degradation or incipieni mechanica] failtu-e.

Hardware Disposition

Upon completion of the DAT program testing, Unit 1 was iransferred io the

Design Information Test (DIT) program for further testing.

TEST DESCRPTION AND RESULTS, UNIT 1A

VISUAL INSPECTION

Descripiion

Unit 1A was inspected to ensure that it was of the proper confi_lration,

was undamaged, and had been subjected to and passed an acceptance _est

per Rocketdyne Specification RA0220-_08.

Results

Visual inspection was successfully completed.

[: =
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bfl_CItANICAL SHOCK TEST

The mechanical shock test was originally scheduled to be conducted on

Unit 1. ttowever, since Unit 1 did not represent the "as shipped from

Rocketdyne" configuration, having been modified by MAC for _he vibration

test, and since the objective of the mechanical shock test was io verify

the ability of the TCA to withstand shock in _he shipping container, the

mechanical shock test was conducted on Unit 1A. This was authorized by

Rocketdyne Internal Lefier 5388-6135, page 183 of Appendix D.

Description

Unit 1A was placed in the standard Rocketd3me shipping container and

subjected to three shocks in each direction along each of the three major

axes. The shocks were of a 15-g magnitude and ll-millisecond duration.

Leakage and functional tests were conducted after completion of the

mechanical shock tests.

Results

During the functional tests following the mechanical shock tests, the

specification closing time was exceeded by the oxidizer valve. This

failure was reported in OFR (FAR) 12851R of Appendix D.

HABDWARE DISPOSITION

Unit ]A was subjected to a phosphoric acid flush, after which iL performed

within the valve acceptance test closing time requirement of 0.005 second

without ihe simulated spacecraft electrical circuit. The 0.005 second

R-15019-2 19
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maximum de-energize time using the normal acceptance test electrical cir-

cuit was established as the failure criteria as authorized by Rocketdyne

Internal Letter 5388-6189, page 201 of Appendix D. This IL also author-

ized a rerun of the mechanical shock test using this same TCA.

Re sult s

The mechanical shock test was successfully completed.

KAPd3WARE DISPOSITION

Upon completion of the DAT program tests, Unit IA was subjected to.addi-

tional tests as part of the Design Information Test (DIT) program. Also,

the propellant valves from Unit IA were subjected to a 50,000-cycle valve-

service life test as reported in Rocketdyne Report R-15019-2, Volume II,

Book 7.

_O

D

S
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APPENDIX A

PHOTOGRAPHS OF TESTS AND TEST EQUIP_qT
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Figure 5,

Q

100-Pound-Thrus£ 0AHS Long-Duration TCA Uni_ 1 Wi£h HAC

Ins£alled Af6 Hounding Tab and Nozzle Ex£ension Pos£-HDC
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- -.<c"_.,,---'.---"_-=.--_-,---,--,---_-.',-_- " FAILUP_2 ANALYSIS R.E?O_T

....... 0_, Ol" _O.Y,q A,4..,CAN .v_'f_ N. ,.Q t ...... " .... ''_" J- ,,,N,-._, 5, r,,.L OUT CGV.'-:'< SP;EPT ON_,

OFa IDENTIFICATION

][ 2s5mo-s;-- : li°" i, R.A. Cole " 896-388 Loc^_,o_. _^,_u_^:_
- , C_no,-,a " 411/65

)
PART IDENTIFICATION

/_A_[ NO. $[ZIAL NO. _ARt ,NAI_- 1,4_-_.. NAM£

409404 9371228 0xi&. Valve Assy. Rockotdyno

_NGIAG_ MODEl. NO. ,. _N/AG_ SE_,IAL NO, I_I/OP_&^;,ON _0.

SE-7 DAT • ' "

ANALYSIS BY ,4

F. J. Iaria 896-394 -._/<_/_,j ,-L,t+,,,,,_,r, ", -,-n. " -'r<,',\ J

:ALLURE ANALYSIS ._,_/ • ,-,.d_-_l l ,<
_-'_ %1 _A" ,.,[I;" ANALYSIS ,_P?LIL_ _0 MO_.; I_LAN ON r- 0_,_., INSERI ALL A?_I.IC.A_t._ 0_,1 NUt,_i,E?,_ IN lhl$ +'-?AC;-, i(_ i • ."• ",. _i

I. STA;_ c I_E)4 NUMB_ AND _SC_I_E " . US_ LXTRA SH_T$ IF N_C_3SA_Y " _'2_.:_--....._._ -_ . "_'

• _,E SPZCIFIC IN COR_J.CTIVE AGIION STA_'ZM£NT AND $1^IE £F_[CIIVtTY DATr- AND/OR ENGiT._; SERIAL NUM;I't 7/hcR_ _,_,...2, _.7

I
1. The oxidizer valve drop out time was 0.130 seeoncs. _a}ne=ax_m'mu ....o,,_olo is

0.075 seconds. _is failure occurred during _he _......._.._ tes_ _o_o.i.n. the

nechzaical shock test of DAT Spec. 209301-401. This valve was a component par_

of _" P/l{ _0930i, S/X 4066382
• &_Jl, • II

2. Immediately after the failure was noted, the valve assembly was rotestad usin$

the procedure of RA0206-202 Pare, 4.5 as _"• oppo_ua to the procedure of the DAT

specification 209301-401. _qe reading ob_alned was O.Ol_ seconds. The dif-

ference betwee_ these readings (0.130 seconds for the DAT test) is the result

• of the circu_try.±nvolved. The valve assembly specification uses "raw" DO in

order to obt_L_an absolute valve timing, whereas the DAT spoclfica_ion s_ulates

the circuitry of the Comini Spacecraft. Maximum do-energlze t_o .is 0.005 sec.

per P_.0206-202; zax!zu_ de-energize time per 209301-401 Is 0.075 seconds."

_es,,_ per _0206-202 Pare.
;

Upon receipt, of the TCA, P/N 209301, S/N 4085382,

4.5 _nd 4.6 Wore performed with the follbwing results:

Drop out c_rents - O.028 amps,

De-energize time - O.C085 seconds

_u_i-_n c'_ren_ a_ 300 ps_g - 0.28 azps

Energize time - O.021 seconds

Specification _"....___._ of._AO206-202 for those tests are as follows:

Droo out current - 0.025 azps. (min)

De-energize tire - 0.005 seconds (za_)

_all-in current at 300 pslg - 0.36 azps

Znergize time - 0.023 seconds (max)

• o
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2. }.nalysi., (cont'd)

• J

3.

°,

Trio TCA was then flushed with phosphoric acid and retested with the
_o_owlng results:

Drop out current - 0,035 amps. _
• 5

Do-energize tlzo - 0.0048 seconds ._..

Pull-in cturrent at 300 psig - 0.32 amps. _.... '
Energiz 9 time - 0.0215 seconds _ _'""

The TCA was returned to the DATuni_.

Conclusions

No conclusion for the cause Of failure has been reached because the valve

was not available for comprehensive analysis. 7,_ _he direction of the

Project Office the TCA wiZh the subject valve a_achod was reZurne& to the

DAT program (Ref. IL 5388-1065).

4. Correc_ye Action

.,." . . ,_ -.

• ..-': . . :

. :._ .o ,

" : -. .

,('."

J

No corrective action can %e taken because the cause of failure was no$

de terained. _"
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OFR IDF.NTIFICATION

O[R NO.

J OFR IIYJ.ZO_J.ff'^_'.- R,. A,_,_Cole

I I /
i I Addendum 1

FAILURE ANALYSIS REPORT

J . ANALYST FILL OUT COVER SHEET ONLY ]

j LC_..ATION j FAILURE DATE j-
'ART IDENTIFICATION

_ART NO.

ho91_o4
ENGIAGE MODEL NO.

SE-7 DAT
SEtlAt NO. j PA_ttIA_e jj x4FLnAME ]

9371228 j Ozld. Valve Ass.?" Rocketdzne
EN/AGEsErIALNO. i _gt/_P_o. * j

l 209301-h01 Para. 7.I. ,_ ,

ANALYSIS BY
,_... n _[

l-' I o, !F. J.T.ar_a .896.-,394 8-25-6F . I. '---4_(.l,,-]..W,._,.'_ g |

0FAILURE ANALYSIS

IF ANALYSIS APPLIF._ TO MORE THAN ONE OFR_ INSERT ALL AP_LIC-..A,,_LE OFR NUMBERS IN THIS SrAC. r--"

I. HISTORY 2. ANALYSIS 3. CONCLUSIONS 4. CORRECTIVE ACTION

. STATE ITEM NUMBER AND DESCRIBE • USE EXTRA SHSETS IF NECE_._ARY

• BE SPECIFIC IN CORRECTIVE ACTION STATEMENT AJ{D STATE EFFECTIVITYDATEAND/OR ENGINE SERIAL NUMBF/WHERE APFLJC.A_LE.

I. The following data was obt_dmed after sub_aittal of the subject FAR:

Upon retulul of _CA _./R 209301, S_{ h066382, to the DAT Program after the phosphoric

acid flush, the Mechanical Shock Test of DAT Spec. 209301-_01 was repeated.

After successful completion of this test, proved by the "within specification"

perfo_nance during the valve functional tests, the TCA was subjected to a hot firs

calibration and a steady state hot fire test of 2000 seconds duration as part of

the TCA DIT Program.

Following the hot fire test the valves were removed from the TCA and subjected

to a 50,000 cycle Service Life Test per DAT Specification 209310-h01. The func-

tional tests perforated on the valves following the completion of the Service Life

Tests were successfully completed.

The valves were disassembled and inspected. Some slight wear marks were seen on

the ax_ature assembly, but these do not appear to have been severe enough to

cause any difficulty. See attached photo.

Previous valves with the same failure mode have been disassembled and analyzed.

The failure cause was determined to be either particulate cont_uuation or

solvated iron residue or both. It can be concluded that contamination caused this

failure because the performance was within specification after the phosphoric

acid flush. The phosphoric acid flush procedure utilizes fluid _,edia that

removes particulate conts_ination and chemically attaclm the solvated iron

deposits which when combined with flow results in their removal.

"_ "i" ','.":_;3:._.':_'I' 320 F..'_R e_" .... ,,,-t_O.E: TF/S _.,.... :..._._ 12._SLR I'[._S S[_]._T'?kD TO Trt$ H.,DOL,;r,LL A!PCP-_c_T
nc)-_pO_:,'r,T ._t -rn ':?EPJ,Y TO T}_.F. FZJE,.'3TT,r',I'_OF _'_.'E _ _""' _.,v..q'irR'l-r:'._LJ......i_"-J-,,,
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OFR ID[NTIFICATION

• 326?cR

FAILURE ANALYSIS REPO_T

. [ •AN.tYs+F,LLoutcov_ s._TONLY j

io,.,,,. ^.c+,o I }_, ...... CTL I:rr - SSFT. 12 1mrS1 _:196_;
i

PART IDENTIFICATION

PAI[I NO.

2_/02_Ol

.,.ilk:-?

$£_IAL NO.

_!-_.
IN/AGE $[£1AL NO.

nAT

I PAa.1 _A_£

1 £.%f/OP[ KADON _O.

958/200

Mill. NA_£

Rocketd,/_e

ANALYSIS BY

I R. :1 GG. _I ,,, .... .+
• _ _ _ ..?., :,_-,,.,,[. ",,,,\

FAILURE ANALYSIS . /.-,' +',,1,2 ;.. ;.\

_,:_\ .

I

I
"," :%. _ Z:_"

I StAlE IIT_M NUM$[I A_I) D£$C_.llI[- _, U$_ BII^ S_'I[[;S ,I: N[CESSAIf ".. ' I ' ..]l. ','_, J

I, I_[ SP'_CI;IC IN COllt£Cfl¥_. ^CIION $tAfEMENI AND ,_IAIE $fI[-CII¥tI"Y DATE AND/OL_ ENGINE SERIAl. NUM/IER WHERE APP_C..,A_'L_.'"'"

I. ll'i story-
)

Gemini I00 lb. TCA P/N 209301, S/N J_OBhlOh was tested on _ April. 196_ in a Mission

Duty Cycle to Guaranteed Life per DAY Specification 20930].-hO1, paragraph 7.l.h.

The _[DC used was 0G4-202. The test was h'o. 2OO, Test Cell 39 K, CTL IIZ, at SSFL.

Pressure altit_des above i00,000 feet were maintained throughout i.,he MDC. The TCA

was mounted within one of the "Tri-Mod." test positions with a "heat shield" po-

sitioned around the TCA to eliminate b!owback and recireulatlon of the exhaust pro-

ducts affectinz_ the capability of the TCA to reject the internally F,eneratcd heat

loads solely by radiation. Additionally, a temperature conditioning system con-

v sisting of metal coils, within which was circulated the t.emperature'cond_tioning

fluid, was mounted within the "heat shield" with the coils being 2ositioned around

the TCA (Ref, Fig. I). The coils and interior of the "heat shield" were painted

black. The TCA and environment were conditioned to 200 F + lO F by cireulatin;_ hot

water _ith the coil system. This temperature level was maintained for a _inimmm of

60 min. prior to start of the VJ3C per the DAT specification. Propellants _:ere con-

ditioned to 160 F -*I0 F as measured at the propellant valve inlets, a_,ain as re-

quired by the DAT specification.

The TCA cor.pleted 732.8 seconds of MDC accumulated hot fire time; test control was

by means of the SE6/7 Tape Control Console, using, a magnetic tape prog.ramr+ed for t;te

O_4-202 .HDC.. Actual hot-fire time acc_u_ulated in 0CM-202 should be 7hl seconds; the

difference between actual and desired MDC hot fire time is due to the inadvertent use

of an R & D z_gnetic tape instead of the DAT tape for control of the test. Pre-

viously the TCA had accumulated IO.0 seconds hot fire calibration time at the N.F.L.

and 6.1 seconds of _mbient cape cycle hot fire time. Therefore, total hot fire time

on this'TCA through the MDC was 7h8.9 seconds. Though this is 8.1 seconds less than

the specificatlon guaranteed lifo of 7_7 seconds the difference in total acc_v,ulated

burn time is'not believed to sip,nificantly alter the analysis.

• - i; '. __'_ t _ -.; - ,_. ,I VA_..URE: ANALh..,IS ,

• _- 5 _701 |ACCE: r,_ O _ ...... ....D+

......... z. -+; . ..:/+
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History (Cont'd.)

The TCA failed skin temperature requirements per Specification 209301-401, Table II

when the thermocouple recording the temperature at a point on the "long" side of the

nozzle 9" down from the injector (Reference Fig. 3) indicated a temperature over 500 F.

at approximately 29.0 minutes elapsed _DC time. At this point total accumulated burn

time on the TCA was 197 seconds. Specification requirements are that skin temperature

not exceed 500 F before guaranteed life (757 seconds accumulated burn time) is reached.

Time-temperature data for the nozzle station and other points, as recorded during I£DC

testing is given in Fig. 2 and 3.

Analysis:

The TCA was examined posttest, both visually and by radiographic photography. The

visual examination showed no evidence of significant deterioration or physical damage

to any of the components of the Rocketdyne P/N 209301 TCA. The throat insert and
combustion chamber liner were clean and free of any cracks or chips. There was evi-

dence of some deposition of bonding resin on the outside of the splash plate of the

injector on the "hot" side but there was no plugging of any of the fi]_ coolant holes

noted (Ref. - Fig. 5). Only sl-ight superficial discoloration of the chmmber exterior

was evident and was due to the melting of the surface Of insulation on adjacent in_

strumentation wirin E which was then deposited on the surface of the TCA.

The TCA had been sent to McDonnell for modification to conform to McDonnell dra_dng

52-52067 which involves filling the gap between the ablative and shell with TR69F

epoxy resin and the addition of a McDonnell nozzle extension P/N 52-52068 consisting
of an ablative insert to match the nozzle mold line which in turn is mounted with a

steel extension which attaches to the Rocketd_e TCA flange. Visual examination of

the TCA revealed the TR69F resin to have come out in patches from the area between

the TCA nozzle ablative material and the NeDonnell ablative nozzle insert with the

consequent exposure of the McDonnell steel nozzle extension to the hot exhaust gasses.

The area on the extension where the gasses impinged had turned blue on the outside of

the extension shell. ASditionally there was a possibility that hot gas had leaked

out of the TCA-to-extension joint due to deterioration of the DC-325 high temperature

resin used as a flexible gasketing and sealing agent in this area. Examination of

the x-rays shows:

i) Some delamination in the O° nozzle material.

2) There was some slight separation in the combustion chamber area between the as-

bestos wrap and combustion chamber billet and between the asbestos and outer glass

wrap but maximum gap noticed was only 0.002 - 0.003 and extended over a small con-

tact area.

3) There was no evidence of slipping along the combustion chamber to nozzle bond line;

at the lower lock; or at the injector to ablative bond joint.

In general, the TCA showed excellent structural integrity remaining with no evidence

of imminent structural failure.

40 R-15019-2
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2. Analysis: (Cont'd.)

Previous testing, perfo1_ed prior to initiation of long duration OAMS DAT TCA testing,

and utilizing a "slave" 25# OAMS TCA of the 208905 configuration tested to portions of

OCA-III, showed that the heat shield design, as finally employed in DAT testing effec-

tively eliminated exhaust gas recircu]ation with its accompanying adverse effect on TCA

skin temperatures during duty cycle testing. During this facility checkout program

thermocouples were mounted on both the TCA skin and glass_ap and in the test facility

between the TCA and temperature conditioning coils. Time-tc;nperature data gathered

during checkout tests showed the following:

l)

2)

The temperature of the glass wrap remained higher than the shell throughout the

_C, indicating the absence of convective heating from re-circulated exhaust

products to the TCA.

The smooth and gradual variation of the facility thezmocouple further verified

the absence of undesirable convective heating from hot e_aust products to the

TCA.

The effect of the heat shield as finally utilized for DAT Testing therefore was to

have the TCA enclosed essentially in a black body cavity _th the cavity te_perature,

i.e. enviror_ental temperature, adjustable to any desired level by means of the liquid

conditioning coils which for the particular test under discussion was 200 F _ I0 F.

The nozzle station thermocouple (on the long side of the shell i" above the TCA flang@)

went beyond specification temperature of 500 F at approximately 29.0 minutes elapsed

MDC time (total accmmulated burn time at this point being 197 see.), and reached a

peak temperature of 850 F at 41 min. elapsed HDC time (total accumulated b1_n time at

this point being 548 sees.).

An analysis was performed and the following two reasons were determined to be possible

explanations for the high temperature at the nozzle station:

)_)

d

2)

ICnile the charring of the ablative is in progress, the temperature at the char

front can be assumed to be approximately constant, therefore the skin temperature

at any location will be a function of the thickness of the virgin material avail-
able at that location which serves as an insulation as well as a heat sink. Nor-

mally for weight saving reasons the ablative thickness is reduced toward the

nozzle exit. However, the char depth does not decrease in the same ratio as the

ablative thickness. Hence, the virgin material left after charring varies along

the chamber and is minimum in thickness somewhere near _ = 40:1 where skin temper-

ature registered the highest value.

The second reason for the high nozzle skin temperature in a BLC ch_ber is the

increase in adiabatic temperature of the combustion gasses near the boundary

layer toward the nozzle outlet. Figure 4 shows a typical variation of the adia-

batic temperature of the boundary layer coolant; also shown is the temperature

distribution within the ablative from the injector end to the throat section.

The distribution indicates the throat and the skin near the throat are mainly

cooled by the longitudinal conduction through the ablative to the boundary layer

coolant. The radiation cooling from the skin surface only amounts to IO to 20%

of the total cooling needed in the throat region. In the nozzle section, even

though the adiabatic temperature of the boundary layer coolant gas in the super-

_........................................... u_u_**u I_ lower than in

,the throat region, there is much less longitudinal conduction to cool the nozzle

than is available in the throat region. This results in higher skin temperature

in the nozzle, than in the throat region.

R-15019-2 41
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2. Analysis: (Cont'd.)

Comparison of the posttest condition of the subject TCA with the posttest condition

of the long life Design Verification Test TCA's, one of which was run to 2300 seconds
accumulated _C burn time and the other to 758 seconds acc_uulated MDC burn time (as

reported in I.L. 5335-2214)SEM 3390-4013), shows no significant differences.

Though the DVT TCA's were tested in the large altitude facility at Cell 39, CTL-III,

S_L, where the presence of some convective cooling during testing has been determined

as being possible, it is felt that the only significant difference in test results is

the noted difference in skin temperature. The portion of this difference attributable

to {njector differences and the portion attributable to test facility configuration is
difficult to determine with any accuracy. In addition, the condition of the McDonnell

nozzle extension posttest indicates the possibility of hot gas leakage, inherent in

the design and actual attachment of the extension to the Rocketdyne supplied TCA, ad-

versely affecting skin temperature on the nozzle due to direct longitudinal conduction

both through the McDonnell applied TR69F potting resin and along the TCA-nozzle ex-

tension s_in when the hot e_laust products impinged on the TCA-nozzle shell.

3. Conclusions:

The ability of the 209301 long life IO0 lb. O_S TCA to meet itsfunctional require-

ments with the requisite amount of structural strength throughout its operational

life has been amply demonstrated both in R & D tests (i.e. the D_ Program mentioned

above) and in the subject DAT _C. The over-temperature condition is not felt as

being detrimental to thrust chamber llfe since it does not indicate impending burn

through of the TCA shell as was true in the S/C 2-3 design leO lb. OAMS TCA P/N 207540
where the combustion chamber material was oriented at 90 to the TCA longitudinal axis.

The appearance of the McDonnell supplied nozzle extension posttest indicates the need

for further investigation by McDonnell as to the suitability of the present nozzle ex-

tension design to meet MDC requirements when operating with the Rocketdyne supplied
TCA.

4. Corrective Action:

No corrective action required.
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OXIDIZER VALVE CLOSING
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_.RTICAL 2OVCLT/CN
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OXIDIZER VALVE OPENING

CURRENT TRACE AT 26 VDC
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FJEL VALVE OPENING
CURRENT TRACE AT 26 '_c
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A DIVISION O K NC'_TH AMEI_I,E_N AVIATION 4_'_C.

THRUSf _m...._., ASSEMBLY -i004

McDonnell Part Number. 52-52701-285

Rocketdyne Part Number 20930]- "

Test N m_;oer 209301-h01

D_oRI ?TION o., COYL_ONENT

The OA]___Thrust Chamber Asse1_b!y consists of an

ablation cooled t_hrust chamber with a silicon carbide

throat insert and ex-osnsion nczzie, an injector, two

fast'ecting solenoid valves for prope!!snt flow con-

trol, orifices for fixing the co,.._ponentpressure drop,

associated interconnecting plumbing and mounting pro-

visions for attaching the assembly to the spacecraft

struoture°
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3.0
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3.3

3.4

3.5
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3.9

3 .I0
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4.0

4.1

5.0
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5.4
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Standard Leakage Testing Equipment

Miscellaneous Equ_ pment
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Thrust Chamber As_e_,bly IIul_ber One
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I_IV#IBION OF NOR'rt'4 a,,_L'_CAN AVlA'Ir_ot',l. INC

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT

TEST NO.

'_ C._ .... _PART NO.{
NAME T.__.,Ub.. u'_-,=_ ___::,,,_ _ r_# MAC 52-52701-28_

NAA __09_0_ -
209301-_0_ SHEET &l, OFZ_

Reference:

1.0

_C _D

SCOPE

52-52701, Rev. H

This specification estab].ishes the _,etbod of test and the

test equipment required to conduct the Desig n Approval

Tests of one Thrust Chamber Assembly for the l_kcDonne!l

Aircraft Corporation Model 133P Orbit A.ttitude and l:Lsneuver

System. as specified in McDonnell Aircraft Cor?,oration

Specification Control Dra_ing _2-,_2701, Rev. _,,
paragraph 6.3.1.3.2.

PREPARED BY: DATE

£. A_a_,s 10-20-6&

CH._KED BY: DATE
_,"_--t _ t -( . , ...... _..,,_._ /,_._/--_,_

FORM 608-SB-hO NEW 6-6 3

APPROVED F0R NAA: DATE IA_ROVED FOR McDONNELL

L.n°".'q ,lJ._;_r.'t_.::_.:.."¢;-_--_'

0A_E

lO8 ._-1jO19-2



DESIGNAPPROVALTEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

,_,1RUST C_-u,3_R ASS_.3LY 100,#
COMPONENT NAME

TEST NO. 2C9_,01-,_01

_ference:

2.0

PART No'MAC
• L.NAA 20o301

52-52701-285

2
' =- OF '- L"ShE_T--_

2.1

2.2

2.3

I )

I
m

?

a) '" SCD 52-52701, Revision #

APPLICABLE DOCU_._I_TS

The doc'_v.ents listed in this specification are for reference

only except those marked with an asterisk ("). If the require-

ments of this specification differ from those listed be!ow_ the

requirements of this specification shall govern, except in the

case of SCD 52-52701 which is the contractual controlling
•document.

SCD 52-5270.1

*ReFoz% ;'8392

Repo:_ Z8518

Specification Control 2tawing, l,_C _odel 133P,
0_'bit Attitude and :,'_neuver System Rev. _,

dated _I Jan° !9_5, (CC:_!IE_IAL)_ and a_
revise_, per NCI RZ-571 dated 18 December 1954o

Standard Engineering Responsibilities Technical

Data Requirements and Product Support Eeco,_.:en-

dations, Model 133P SCD Equipment _ dated 8
October i_c62.

General Electrical E_s _....<n P_quirements for

Electrical EquiFc_nt and Equipment Utilizing

Electrical Power for XAC i<odel 13_P, dated

1 l<ay lC262

],'c_onnc!! A'rersft Draw!n_

Zr_v _ng 5C6612 Elbow

irawi ng 5C6737 Union

,._ °AI..:_.mu_ry S_ec!f_caticns

P;!L-E-5272C-1 Env!ror,_,ental Teut,'F.f, ..ero and A_sou_.._t_d

PREPARED BY: DATE

E. :, - _ 10-20-6,4

,,,CHECKED BY: DATE

FORM 605-B-40 NEW 6-63

APPROVED FOR NAA:

R-Z5OD-2

DATE

l.. &_o'f"
• f

APPROVED FOR McDONNELL DArE

[// . /
/

•lO9

/



RO C K ET D3f 1"_ Y?_
A OIVI_*O_W O_ _O_T_ A_,4_CA_,,I AVIATION. I_C

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT

TEST NO.

52-52701-285

THRUST CHA2_ER A,S.S_E[ - 100"_PART- NO tfMAC-NAME
"_NAA 209301-i

209301-401 SHEET--I OF-3,0_._.

2,3

(Continued)

2.4

MIL-L-25567

*MIL-P-26539A

Equipment, General Specification for, dated
20 January 1960.

Leak Test Compound, Oxygen System, dated

7 January 1959.

Propellant, Nitrogen Tetro_ide, dated 31

july 1%1.

MIL-P-2740IA

._L-P-27404

Propellant, Nitrogen Pressurizing, dated

7 November 1960.

Propellant, 140nomethyl Hydrazlne, dated

3 April 1962.

_L-A-6091B Alcohol; Ethyl, Specially denature_, dated

12 January 1962.

Federal Stock No.

6830-263-9842

Heliu_

Rbel-et_d_pecif lest ions

_RA0220-_4 SE7 209301 5s_.emb!y Data Re_.uction

and Adjustments, dated ]3 July 1963.
(CO_mn_TIAL)

*&_0220-408 SE7 _rust Chamber Assembly Acceptance

T_stlng, dated 13 July 1964.

*RAOII2-O02

*RA0220-290

Lubricants, Anti-Seize Compounds and

Oasket[ng _ype Seal C<.mpo_!ds for Rocket

Engines, dated 29 July 1963.

SET Weight Determination, dated Oct 2, 1963.

PREPARED BY- DATE

?.. Adqms I0-20-6&

CHECKED BY" DATE

" " _ -_-...... 4., /_-"_,/-6F

APPROVED FOR NAA:

II0
R-15019-2



m:'a_O C_[__ __2. T _"3_'k_ r,lbt E
• DlVlmtON OV NOI_T'41 ,I_,,_IZI'_q(::AI_ AV_AY¢ON. |NO

COMPONENT

TEST NO.

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

THRUST CHAI,:£ERASSEt.SLY - ice# PART NO_ MAC
NAME 'INAA

209301-401

52-52701-285

209301--

SHE ETa_L_ 0 Fl£___"

2.4

(Contlnued)

2.5

*RA0201-050

_FA0607-O09

Acceptance Test Instrtumentation

Requlrezents, dated 9 August 1961

In Place Brazing of Tubes and Fittings

for Space Eng'nes, dated 30 December 1,c63

*P_0610-002 Ultrasonic Cleaning of Space Engines

Hardware, dated 20 June 1963

_Pa0610-OO3 Clcan_ng Space Engine Hardware by Liquid

Flushing, 4ated 24 October 1963

*RAO610-O09 Chemical Cleaning of F_Iter Elements for

Sp_ce Engines

"RA0616-005 SE7 Propulsion System Inter and Intra
l,_rchPlant Handling, dated _0 1963

*_%061,6-OO8 SE7 Propulsion System; Preparation for

Customer relivery, dated 4 Septc_ber 1963

*PEM 25.01 G Envirorz, entally Controlled Areas, Fefinitio2_

and Specification for, Dated 2 December 1,°63

Roc_etcvne DrmLing_s_

Drawing 20930] Thru=t Chamber, i00 Ibs, 9 Min., Assy. of_
dated i0 July 1.°63

Drawing 99-I(_126 Adal_ter - Fitting, Assy. of, dated 22 October
1%3

DrawJmg 90178 _J_ Seal Asse.mbly, Thrust Chamber Drain,

i00 lb TC, dated ii September 1962

PREPARED BY:

E. A_.ams

DATE

CHECKED BY: DATE
[

FORM 6"O8-'B-40 NEW 6-63

APPROVED FOR NAA"

/)_ A/_ ,
//-//: ].

R-15019-2

DATE IAPPROVED FOR McDONNELL P.ATE

,. , _'"II/ -N ,-"I,2 , " _/_/'/
I...__..-(.2 .,_ I , _, I) /'::: "''',"_".l
t I._.'{;;L,'£ _ ,_"', _-/ "" " " ":i : " '-_" /

III



lqLO CI,_ E'_ "_13_'%¢'- r'_
• DIvI.aON OV NORT_ •_fz,qiCAl._ AVIATIOt_. INC

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT

TEST NO.

NAME THRUST Cg__ER ASS_,BLY- IOO#PAR T N(_ MAC

tNAA,
209301-401

52-52701-285

209301 ....

SHEET-_---.oFl_ 0.5

2.5

(Continued)

Drawing ILK 398-10035

Drawing 99-I O671.5

Shipping Container, SET TCA (10(3#)

with Nl_tended Inlet Adapters, dated

30 September 1.q54

Tube-Assy of (Fuel) dated

Drawing 99-I O6716 Tube-Assy of (Oxidizer) dated

DATE

CHECKEDBY: DATE

FORM 60_b-B-b,O NEW 6-63

If2

APPROVED FOR NAA"

/_ .,," :_*.

¢(/ ,

DATE [APPROVED FOR McDONNELL D_-_

j/I ./._/.,,; . _./_//

/. 6. <- C_}I"j) '" 'C/ _ ,.';_";:*"Z_-:;''_/C__/. .,._.X

R-15O19-2



A D*V*_*ON OF _oet_N _M¢_I*CAN AV*_Ir*O N. *_'_r__..

COMPONENT

TEST NO.

DESIGN APPROVAL TEST OF CO_!PONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

NA[JE
THRUST C}'A_ER A_v,._,v _n,-,__ N #MAC 52-52701-285__.

. : -u__=_-_....PART (ILNAA 209301 _----

209301-401 SHEET 6-10FlJ3

Reference:

3.0

3.1

3.2

3.3

3.4

(a) FAG SCD 52-52701, Revision '_/]

...... , T REqUIFu_NTS_t,j.D :_ b f1.'t ,,J

.Safety

All safety precautions necessary to comply with this procedure
shall be in accordance with Rocketdyne Safety Department

Directives.

._andl ] nF_.

All inter and intra plant handling and p_ckaglng shall be
accomplished per the requiremeni_ of Rockctdyne Specification

_ _ theP_o16-_v5 when TCA is being transported, or stored betwee_

test, except tbmt com_0nents with extended !nl_t tube adapters
be packaged in Container ILK 398-IC035 . Adequate
measures shall be ta-_n to prownt accidentlal _mage to t_s

TCA at all times.

Photo_raoh_c Cover_ge

Eqotogra_hs shall be taken of each different test setup and
shall be included in the final test recort, Three pzelh:_i_ary

copies of these pictures shall be forvarded to the Rocketdyne
Gemini Project Office within 14 days from the exposure date.

Fnotogluphs shall be taken of each different test setup and
sh_ll be taken of the component after any malfunction.
Sufficient v!e',,'sshall be taken to provide complete visual

coverage of the failure, Including photomicrographs when
applic_%ble.

Iustru_,_ntat_on (_aragraph 6.2.1.2 of reference a)

All test parameters shall be assigned a tolerance of _+2%of

the specified value unless otherwise specifle@ herein.

PREPARED BY:

E. Adams
DATE

C_{,-ZCKE D BY: DATE

FCRM 6OB-B-)iO NEW I6z(::)3

R-15019-2

APPROVED FOR NAA:
DATE],_F;.,RO'.Yr) FOR },_cDO;_,XELL "_'/IDAFE

- / -,-. "
C, .-%1

n5



II I)IVIIIION Ol II NOll_rl.,,l III,AII. III(_IN AVIAIr_oIIII. llli,_

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME-

TEST NO.

THRUST ?i:^,_'o <,<'_-,_...... v: ...... _o.>....:J,Y - 1.00,i!

209301 -/+0I

52-52701-285

NO fMAC
PART .i. NAA 2_D_9_3.Q_:,. ....

SHEET!- OFI-.O_

All instrumentation erploye@, for r,:onitoring the required

test parmr, ctcrs shall be calibr_ted to insure attaln_:ent

of mlnimt,a;_ste_Cy-sLite accuracy of +2_ of t]:e full scale

range of the _nstru_msnt:_.tlon be!n_ used - except where

instr_.ent_tion accuracy _s otherwlse speelfled.

Ca!'br_t'on records shall be nainta!zed and _m_e sva'lable

to authorized personnel upon request. Hot f._re instr:_nenta-

tion s};a]l be in' necorCence with spec!ficat'on R_O20!-050

an6 Table I of this sPecification.

Xeh_ten_nce (p_r_graph 6.2.3 of reference a)

Servicing, a_justment_ or re clace_nent of p_rts s:nll not be

pe!_,,itted unless s_ecif_c_lly st'-ted in this s_ecification.

Lubrication of fit_in:s is _:e_._itted per pc_0].!2-002.

Failures (p_ragraph 2.5.2 of I._eFonnell.Report 8392)

In the event t}L_t t}:e co:_!_onentfa_!s to pass an,; .cart of

the Ees._n Ap reval _ _• -e_t, _r.me_'ately @iscont-lnue all

testing of that eomconent _nd - _'_• .,O_l_y the '-_ '"Roc ..... cQme Ceminl

Project Offlee 7 and the responsible McDonnell representative.

l,'c_ennell Aircraft Cerporat-lon and Rocketd.,ne shall jointly

review the f_lu':-e _.nd £etcr.-.dne the correct've act'cn to be

taken and the point in the to_t proceCu:-e where retesting

is to begln. ..

T__st '...'itne_:.In .g_ (c_ragra[.h 6.2.1.3 of reference a)

PREPARED B_r: OATE,

E. Adams

# _,_CKEO BY: DATE
,.., . _,

FORM 6O_-_Ul_ NEW E=g3

11_

IAPPROVED FOR NAA" DATE IAPPROVED FOR h;cDONNELL _E

< Q7 %/_ -: "Y.;. -- -- '

R-i5019-2

I

L_

F



A OSVIIION Or NO _'_ A*,q_DCAN AVIAT4QN. mNC .

COMPONENT

TEST NO.

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

T_{RUST C}bU_T_ ASS_/Y - IO_7
NAME

209301-401

PART NO._"MAC 52-5270i-285
lNAA 209.301 .....

SH E ET 8_.__OF_O_.5

3.7
(cent 'd)

3.8

F_ch Design Approval Test shall be witnessed and the test data

certified by Rocketd2,me i_]spection, and cez%ified by the Government

Inspection Agency having cognizance at the testing facility.

][cDormell and Government ins;oectors shall be notified A hours _m
advance of all tests.

]_C Engineering shall be notified 3 days in adw_nce of the sched_ale

date of any Design Approval Test. If _AC _cineering indicates a

desire to witness erO_ test, notification shall again be performed

hours prior to the beg_ming of the test. Actual te_ting shall not

commence prior to the arrival of all witnesses unless pz'ior _aJver

is obtained. Notification of the ]bIC Resident F.ngJ]_eering Office

shall constitute notification of YAC F_]gineering.

Cleanliness Reauir_ments

Hot Fire Test and Decontamination Facilities: D_u-Jng the t_ne that

the TCA is being installed in or re._oved frcm a hot fire test

facility or a decontamination facility, the TCA proi)ellant valve

inlets, when open, shall be I_rotected by a plastic enclosure. A low

volume nitrogen purge, filtered through t_, 10 _ieron absolute,

stainless steel wire mesh filters, installed in series; shall be used

to prevent entrance of foreign r_aterial into the closure, ,_hen in a

]:on-C!ass IV area as specified in Rocketdyne Plant _]£ineeri]_4

][anual PF2_[25.01G.

Other Test Faci]ities: The propellant valve inlets shall not be

directly exposed to an envirob]_ental atmosphere which does not _neet

the requirements of a Class I7 area as specified in Rocketd}nne Plant

Fmgi_neering ]:anual PE{ 25.OIG. It shall be a requirement that a ten

(I0) uicron absolute _.ire mesh stainless steel filter be installed on

the prope]_lant "calve inlets in a Class IV area when the test setup

is to be in a Non-Class IV area. The entire test setup shall be

assenbled and disasse;nbled in a Class IV area.

PREPARED BY:

E. ,'_&r_

DATE

CH,r:CKEp BY: DATE
• .%. •

;-",,,r ',__t¢ "_-_/Z-_/ _'• v- ,

-:ORM 60_I"BLi_ NEW 6'63

APPROVED FOR NAA"

_$/5u

R-15019-2

DATE IAPPROVED FOR McDONNELL DATE

7 //I
..... 6,/'f I _ - _ >-"

115



A 01VIS*ON C/*r _P,;O_tT_ AS'4[M*CA *'_ A_,*_T*O_'¢. tl*_G

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT

TEST NO
...... L-

NAME
T]!RUST CIIA,'.D'SR :_SLJ,BLY _ ,_,::1_,--'_

2093019401 _

r MAC-/I_---285L--
PART.0. t.'AA 2o 3m-:

SHEET--e 0 FZ-0_

3.8

(cont'd)

3.9

Cleaning of Test Setup Ha.c ....."e" The ten micron abselute

sta._nlcss steel u,ire mesh filters shall be cleaned per

Rocketdyne SpecifJczt'on _AC616-?'?9 an_ stored in polyeth:,'lene
b_gs until rea_.y for use. ,'./lli_;orefilter housings shall be

cleaned per Rocketdl._e SFecific:_.tlon R=%06!5-003 prior to

insi._llation of the new ],:i!!ipol_afilter el_.,en_s i,lto the
housin<s. The ].'i]]ioore filter -_e_:b!ies s;ha].!b,e stored in

po!._:eth:-!ene_gs unt__l re_dv for use. The l_,'_{-s',,-hiehare to

be used bet_.;een tn_ te_t. setuD filters and the TCA shall be

c!e_ned p_r Rocketd:zne Specif__c._.tion_0_:!0-902 esch time the

filters _re inst,!led into test setup. Test setup haE_are,

w}'ich is too large for po!veth',,lene bn{-s, shs[! be protected

by appropriate c!osures_ which h_ve also •been cleaned so as
not to lo_:er the level of cleanliness of the hardware.

Re_o_% '

Dora: rata shall be ..... ;_,_ _'r_et]\- on the _,p:_lic_ble _ata

sheets' inserted a#_-_'.__e:_.chtest of this specification. All
ra:,'c[_",tashall be identified rel_tive to the te<_t to :.,hichit

[ng sY._ll be fur_ner IC_ent.ll.'G,;relative to p:zra.mct_ me__su_'_d_
"" a " ,_ etc. and s}:iose8 to "" _-...........ca_br t:on _..etors, .. ,.;-.C,-_* _^"_ Reduced

<:ata shall include ...._" " _E- -,: ,,zc,_l pz'esent_t'ons and t.J_.e hms uories
of all _" *_ t_nent perfo_r_nee para:r..eters,

£iscussion of Fat_ In the final report all pertinent 6eta

obtained in the r,._.,,_--_^_.._._ shz!l._ be ,_nal_z_ed and :],_scus._e_.

An,:,s'gnificznt tren_ lea£'ng to pe_-%_nent conclusions or

ft"_'_-_ testing shall _ covered. (Reference::,eco_:_:en@_.t_on for ..... : ....
l<c£onnell Airerei't Specification R_.port ;/:8392. )

Acceptance Test _t_: l'.ecept_nce test data shall be retained.

and be included as part of the fin_l report for this com£nnent.

b

B

B

B

B

B

B
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A DIVI'Z._ON or NORTH A_C_ AVt,_T'ON. I_"C

DESIGN APPROVAl. TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT

TEST NO.

.__,RUS_ CH_,'n=_ _eqS"T_fY 10__ PART N ,_MAC. 52-52701-285
NAME " "'-_ ..... -_ ' - OLNAA 209301

2_9.__-/,01 SH EETI-Q- OF105

3.10

3.11

Cgmponent Test Mod_ficmtlon

The propellant valve inlets of each TCA shall be modified

followir_ Pre-Test Inspection by the addition of an inlet

tube adapter, see Figure 10. Attac!_cnt of the adapter

shall be by brazing in accordance with P_O607-O09. Failure

at the __nlet adapter or the braze joint during subsequent

testing shall not constitute a failure of the TCA.

.

Samo]_n_ -_nd Anelvsis of Prooe!]ants

Samples of propellants shall be obtained for analysis whenever

propellants are introduced into the test facility ta_<s and

at least once daily, during the time that LAT hot fire tests

are conducted, for the purpose of specific gravity determination.

Samples of propellants sPmll be obtained for analysis whenever

propellants are introduced into the test facility tanks and

at least once weekly, during the time that BAT hot f_re tests

are conducted , for the purpose of propell_nt composition

determination. The current propellant composition analysis

of the Nitrogen Tetroxide must be known prior to any Hot Fire

Test on Gemini DAT hardware.
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O,VI_t_N OP" NOMT_ _M_CA_ AVIATION. I_C

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT

TEST NO.

,'.cc,_' • ' ' j"NAME THRUST C]_i,,SER _ .... .,_LY - 100# PART NO. MACt NAA
209301-401

52-52701-285

209301

SHEET 11 0F!9.5

3.12

3.13

Abbrevistions

Abs

AC

b

cps
DAT

DC *

F

Freq

g

ON2
He

L
tA

Min

NO],'.

O;-_&S

Prop

psia

psig
_,:S

SCC

SCD

SeC

TCA

U

V

Pm -

Post Te_t }hrd'/.-re P_ut_,_

Absolute

Alternating Current
Bracket

Cycles per Second

Design Approval Test

[irect Current

Fahre._eit

Fre<luency

Acceleration of Gravity

Gas eous ,Nitrogen
Helium

Hour

Lm,,er

Mctonnell Aircraft Corporation

!,.inim, um
Nominal

Orbit Attitude and _neuver System

Procellant

Pounds per Square !:_ch Absolute

Pounds per Squnre Inch Gauge

Root - Mean - Squnre
Stangald Cubic Cent'_eters

Specification Control Zrawlng
seconds

Thrust Cha_;oer Assembly

Up|_r
Volts or Valve

i<az i_:,um Pressure

:._:;_ov_l Test_ the co:-ponentUpon successful co::.:_le_,zon of all Eesign '7 ....
sh._.llbe placed _n the appropriate hold ar_a pending furtLer dispositio
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A ,_)tvJ_lo_ Or _'wQ_TM A_tCAN _.V_TION _NE

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT

T EST NO.

THRUST C]UC_3>i_ASS_}_BLY - I00#
NAME

20:;,3 01 '&Ol

.52-52701-285,

PART NO.{ MAC '209301- ]NAA

S H EET ]....._.P-OF]_C.._5

3.1/_ Definitions

*Duration - Total time from "first indication" in starting sequence

to 2/_-of-max£mum thrust point in the shutdo_,_ sequence.

Im@ulse,Shutdo_m-Area under the thrust-tithe curve between the

"off signal" and 2-percent-of-maxir_m t_hrust point in the shutdown

sequenc e.

Impulse, Mean Specific - Total 53upt_lse di%_ided by total weight of

propellants consumed.

Impulse, Specific - The thrust in pounds divided by the prope]/znt

conscription rate in pound s per second.

Lmpulse, Total - Area rudder the thrust-time curve.

*Pulse - A pulse includes all events from the "on signal" to

2-percent-of-maxi:at_u thrust point in the shutdo_m sequence.

*Signal, ON - The signal to o:en the propellant valves. This is

the start of the starting sequence.

xSignal, OFF - The signal to close the prop,_llant valves. This is

the start of the shuhJown sequence.

xSignal _;idth - Time from "on signal" to "off signal".

*T_e, Cutoff - T_ne from the "off signal" to IO-percent-of-maximum

thrust point in the shutdown sequence.

_TLne, Decay - Time from the 9C-percent-of-maxim[in thrust point to

the 10-percent-of-max_n&n thrust l_oint in the shutdo;,_ sequence.
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I_O C ]_g2 E'J[" ]_"_Z" r"_ lEE
A DIVI_ION OF NOMTt-_ A_ICAN AV*ATIO_. II_C

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

AD .... 'L'.bl - IOO#,. PART NO.{ MAC" 2-'_)--_1" :COMPONENT NAME-THRUST CHA'k%F_ *'_-_ ..... 52-527°I-28L
NAA

TEST NO. 209301-40_ SHEET 13 OFI__05

*Time to First Indication - Th:_e from the "on sisnal" to the first
indication on the thrust recol_.

*Time, Ignition - Time from the "on signal" to the tLme of first

_dication in the starting sequence.

Rise - Time from first indication to 90-percent-of-maz_imnm

poi/_t in th_- starti_g sequence.

a HStart - T£me from "on sL._,o'ni to the 90-percent-of_max_'._am

point in the starting sequence.

*T_ne, Shutdo_m - Time from "off signal" to 2-percenb-of-maximum

thrust point in the shutdo_m sequence.

*TJJ_e, FIfective Firing - TJzne f_m 90-pcrc&nt-of-maxim_m thrust

point in the start sequence to the 9D-percent-of-maximum thrust

point in the shutdown sequence.

Lockup Pressure - Pressure izmmediate]$ upstrean of the propellant

valve prior to TCA operation.

Soakout Period - T£me required for all T(£% shin te_[/_ratures

to stabilize and drop 5° F to verify that peak t_mperatm'e has 0een

reached.

_irn Time - That time wliich both Propellsnt valves are open

s_nultaneously.

* See Figure _I.
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RO C KE'I" I)Y r'_ E
Olv*sgON Ov e_o_vM A_C_fCAN AVCATION. I_C

DF'SIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

TEST NO._

THIRST .qHA},_RERASST,_,_LY - 1OO_ NotfMA C 52-52701-285
PART .t.NA A 209_301

209301-401 S HEEl-!. OF 7._..C5

Reference:

h.O

14.i

}4AG SOD 52-52701, Revision _, Figure 12

Test P. OoZam

One Thrust Che_:ber Assembly (P_ 209301), ha_dmg passed

the acceptance tests of PJ,O220-2;03, shall be subjected

to Design Approval Tests in accordance :.._ththe require-

ments herein specified.

Test Sequence

The following paragraphs list the applicable envir_)rLnental

and se!_riee life tests for the TCA and the opera¢ienal

tests and procedures _fnich will be used to demonstrate

SCD compliance. The tests for the TCA shall be performed
in the order listed.
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A OIs.'tr..*ON O_ NORT_I A_,4. E_I¢:AV,_ AV*A'VION _N¢

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT

TEST NO.

NAME.- THRUST CH?&q3ER ASS_.'.£-7_,Y- 100# PART NO_ MAC _2-C2701-28.__
"_-NAA 2_02303

2o93o1-1,Ol SHEET

h.l.5 Thrust Chamber Assembly Number One

SOD

Para. Page Reference

Pre-Test Inspection 7.i.I

Weight De termi nat ion 6.6

Vibration 7. I.2 6.2.3 •17.1

Propellant Valve Proof Pressure _ Leakage 6.1 6o2.3.1

Thrust Chamber Proof Pressure & Leakage 6.2' 6.2.3.1

Propellant Valve Electrical Resistance 6.3 6.2.3.2

Propellant Valve D] electric Strength 6.5 6.2.3.3

Propellant Valve Functional 6.5, 6.3.1.3.1

Eecha nical Shock 7.1.3 6.2.3.16

Propellant Valve Proof Pressure & Leakege 6.1 6.2.3.1

Thrust Chamber Proof Pressure & Leakage 6.2 6.2.3.1
Propellant Valve Electrical Resistance 6.3 6.2.3.2

Propellant Valve Dielectric Strength 6.h 6.2.3.3

Propellant Valve Functional 6._ 6.3.1.3.1

DAT Duty Cycle to 7_7 Seconds ?.l.h 6.3.1.3.2'2

Weight Determination 6.6 6.3.1.4 .i
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DESIGN APPROVAL TEST OF .COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME- TP,R_ST C]L\I._ER ASSF_;I_LY -,1.OG,_,PART No-fMAC 52-52701-285
- .INAA_-_0 ]

TEST NO. 209301-401 SHEET 16 OFI_0_

_ference:

5.0

5.1

5.1.1

5.1.2

5,1.3

5.1.4

5.1.5

5.1.6

5.1.7

5.2

5.2.1

I._C SCD 52-52701, Pevision G

Ez%UIP_h'.NTA:D ).[._TEEI.A.L.(Equivalent Items Yny be Used)

),_terial

Nitrogen tetroxide - I<IL-P-26539A (Oxidizer)

Monozethyl Hydrazine - MIL-P-2740/.A (Fuel)

Nitrogen Gas - XIL-P-27401A

Freon ;_Y - Co_,2_lerclalGrade

Helium - Federal Stock 1_u_ber 6830-263-9842

Alcohol - I<IL-A-6091B (ReaEent grade iso_ropyl alcohol, AM

ClaM SOd standard is considered equivalent)

Leak Test C6mpour_ - l,CIL-L-25567

Special E_uipment

Hot Fire Facility

A facility capable of static firing the TC_'s at bozh ___bient

conditions and at a simulated pressure altitude of IC0,000

feet or greater. This facility shall be capable of r:_intain_ng

a conditioned thcr,'_al envirom_ent without significant convective

heating or cooling.

Suitable eqviF.snt to provide and utilize hot ON2 purge, Ar_y6rous

Isopropyl Alcohol and Freon :2 fluids for deconta::ination, flushin

and cleaning the T0_k after firing.

The facility shall be equipped to meet the instrumentation

requirements of Table 1.
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A OqVlSlON O*" NORT0"_ A_E_'E*-_'_ AVI_rloN. tNC

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT

TEST NO.

NAME

52-52701-285

THRUSTC_A_ERASSUagE-lCO._pARTNa{MAC-N AA,:,20,,9._91_ • _

209301-/+01 SHEET17 OFIC_

5.2.1

(Cont'd)

5.2.2

The facility shall be equipped with a high matural frequency

thrust mount for axial thrust detel_ination during DAT duty

cycle operation.

The facility shall be equipped'with a TCA firing control system

consisting of a regulated DC power supply, the TCA installation

wiring as shown in the k'AC SCD 52-52701, P_vision ]@, Figure 18

and an autcmatic progra_er capable of controlling the pulse
sequence and duration per Table II.

The facility shall be equipped with a propellant feed system

per Figure 6.

Vibration Testin_ Facility

The facility shall be capable of vibrating the TCA at freauencies

of 5 to 2000 ups and at the random vibration power spectral density

per Figure 8.

The facility shall be equipped with a serve control unit for vary-

ing the vibrat_on frequency logaritb_ically.

The facility shall be equipped with a Ling ASDE 80 equalization

console and a Ling power amplifier to control the random vibration

input.

The facility shall be equip[ed with a test fixture to which the

TCA can be attached by employing simulated spececraft brackets

and use of its attach points shown in Figure 7. The test fixture

shall be capable of being mounted on the vibration mnchine such

that the TCA can be vibrated along each of the three mutually

perpendicular axes shown in Figure 7. Provision shall "bema6e for

attaching the extended propellant valve inlet lines to the test
fixture°
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COMPONENT

TEST NO.

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

5.2.2
(cont'd)

NAME

52-52701-285

THRUST CI4Jd.SER ASSF2,_LY - lc,_# NO _MAC
.....PART "LNAA 209301- .

2og.?,Ol-LOZ ...... SHEETJ__80FIO__.

5.2.3

PREPARED BY:

Adams_Je

The facility shall be equipped with accelerometers with an accur-

acy of _5% from 5 to 2000 cps, and a natuzml frequency over 30,000

cps.

The facility shall be equipped with a multichanne! oscillograph

for recording the accelerometer output during t}_e vibration sweeps.

The facility shall be equip_,ed with a multichannei E[ mcnetic tape

recorder for recording the accelerometer ol_tput during the random
vibration.

The facility shall be _uipped with a Ba].l_mtine True _,_S _:eter to

measure the A_ G acceleration.

The facility shall be equlp[;ed with a Technical Products Company

analyzer to analyze the accelerometer output power spech_l Qensity

shape.

Shock Testing Facilit_

The facility shall be capable of imparting half sine _ave shocks

of 15 _+1.5 g mgnitu_e and ii ±i.0 millisecond duration to the TCA.

The facility shall be equipped with a rigid jig test fixture to

which the TCA shippir_ container, as specLfied in PJC416-008,

can be r_gi£1y attached. The rigid jig test fb:ture shall be

capable of being mounted on the shock• z_ch_ne mlch that the TCA, in

its shipping container, can be shocked along the plus and zinus

direction of each of the three r.:utually perpendicular azes shown

in Figure 7. " ":' : .... .

The facility sha!} he eqdpDed with an accelercmeter (Stat}_a_:,t.:o_el
c_"_ASTC_-50-_50) which _,_ll be zounted on the rigid jig t_st fixture.

OATE
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A DIVISION O_" N0mTM A_._m_CA_"d AV_T#ON, _"JG

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT

TEST NO.

THRUST C}L:d<BER ASSE_ZLY NO._MAC-
NAME PART LNAA

209301-401

52-52701-285

209301-.

SH EETJ_., OF1----_5

5.2.3

(cont 'd)

5.2.4

5.3

5.3.1

The facility s l_!l be equipped with an oscilloscope (Tek%ronix,

Model 535 or 564) for monitoring the accelerometer output and

recorded on a Polaroid camera.

Electrical Earness

A moisture proof jumper assembly incorporatir_ at one end two

Bendix ZG06-8-4S plugs potted in accordance with PAOI06-OC_.

Each lead shall be identified according to valve (oxidizer or

fuel) and pin (A, B, C or D). See Figul'e i. Th_s electrical

harness shall be used whenever electrical power is supplied to

the TCA.

Standard Pneur_tlc an6 _ic _uioment

Pressure Gauges

GI, G2 - 0 to 600 psig, _+ I% accuracy, full scale

G3 - 0 to i000 p_ig, _+1% a_icur_cy, full scale

PREPARED BY" DATE
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& DIVISION OI r IWOMTH AM[I'41ICAN AVIATION. IN(:

COMPONENT

TEST NO.

5.3.2

•3 e3

1

5.4.4

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND' MANEUVER SYSTEM

52-52701-. 285

NAME PART 209301 -
TILEU57 CUt:.__ff_!,.q- 1£__#

2o9. o  m
NO _MAC

"_NAA

Valves

VI, V2 - I/1." h_d valve, 0 to 1000 psig

Regulators

R I - I/I." pressure regulator. 0 to 1000 psig

Filters

F! - 2 micron no,_,dnal, 10.micron absolute stainless steel
wire mesh

F
"2

Standard Electrical EquiFment

(Equivalen.t items may be used)

DC Power Supply - 0 to 36 VDC

SHEET_ 20_ oFl_O_

- Mil!ip_re filter, CA12 I_O OO; Housing, 1.2S 28720-12

AC Power Supply- 110 VAC nominal, 60 cps

Oscilloscope - Hew]ett Packard, Model 122 _.__,dual trace

(for Propellant Valve F1metional)

Mllli_eter - Ueston Model 1951, 0-2C0 _% Range
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) fORM 608-B-liO NEW 6-63

R-15019-2

APPROVED FOR NAA"

l . .
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COMPONENT

TEST NO.

& DIVISJON OF NOR'IF_I AM[_ICAN &VIAl"ION. SNC

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

NAME
THRUST CIL_,IBER ASSEt-BLY - I00 #PART NO _MAC

m_ N _ A

209301-401

52-52701-285

209301-

SHEET 21 oFlO.._

5.4.5

5.4.6

5.4.7

5.4.8

5.4.11

5.5

5.5.1

5.5.2

5.6

5.6.1

5.6.2

Switch - 40 watt mini_.um power rating

High Voltage Leak Detector - Associated Research, Model 411

Impedance Bridge . 0 to 50 oh_s_ i I/!C_p accuracy

Voltmeter - Hewlett Packard, Model 412A, 0 to 30 VDC and

0 to IO0 VLC, +i % full scale acct_acy

Temperature _ecorder - LeeSs and Northrop_ ±3 % acculmcy

Thermocouple - Bare wire junction, accuracy class D per
RA0201-O50

Mercury Switch - 20 watt minimum power rating

StanSard Leak3F__ TestinE Fqu!pment

Burette - 25 ml, O.i ml graduations

Beaker - 400 ml

F,is cel]aneous E_Ement

Camera-Polaroid (with oscilloscope adapter)

Propellant Valve Inlet Adapter

Adapter- P/N99ilO6126-31

Elbow - XAC P/N 506612 -5 -5

Union- _,_C P/N 506737-5-5 "

PREPARED BY: DATE DATE IAP_.OVED FOR McDONNELL _c,;EAPPROVED FOR NAA:

R--tSo1_-2

g

g

g

D

g

g

E. Area,ms

I_Ct_;ECKED BY:
i i " DATE

FORM 60bLB-40 NEW 6-63

I28



DIVISION OF NORTH kMERICAN &VI&TION. INC

2_

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

THRUST CHA],:]3ER ASSEI,BLY - IOC_s
COMPONENT NAME..

209301-401
TEST NO.

PART NO iI'MAc
"LNAA

52-5270!-285

209301

SHEET2..2...OF1C_.._.J

5.6.3

5.6.4

5.6.5

5.6.6

Scale - 0 to 25 pounds, O.O1 pound subdivisions

Stop Watch - One second subdivisions

Seal Assembly - 901784J,

Diode-1,;otorola SR417

PREPARED BY:

£. Ad_s

DATE

..CH_CKED BY: DATE

FORM 60_-[O NEW 6-6j -'

R-15019-2

APPROVED FOR NAA: DATE AI_P;-_-7-_E-0"FOR McDONNELL DAT"_

1 _"lt'%



DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME TI_.UST C_,',_p,.,,,,__.,._,_"'_'TY_,:,.,,_......- I00#

NAME OF TEST OP_ATIG_AL TESTS _D FROCEDURr,_

No.F_.MAC 52-52701-.285PART

.... -_O'I
TEST NO._I" SHEET.2_3._OFI__.O5_

I.IACSCD 52_52701, Revision G

Ocerational Tests and Procedures

_lis section contains those proceduz-es _d_ieh shall be used in

conJ_mction _,ith the gnvircr_ental and Service Life Tests to

demonstrate SCD compliance.

AFPROVED FOR HA/k:

/d"_f'Ce,("._

DATE JAPPi_OV£OFGR L_cCK)NNELL: OATE

,/,_:-,:

R-15O19-2

B

B

B

B

B

B

U

B.

B

F
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ROC_ E_ DY _ _EE

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER. SYSTEM

r MAC 52-52701-285

COMPONENT NAME 'IN[RUSTCIL_'tB_'_ASS:E_:BiL,¥- 100// PART NO._NAA_-'_._--2-Y-Z2V'''--
PROt_£IZ_',;'I ' VALVE PROOF FR'f_SUIIt

o <._01NAME OF TEST..,._Jk'L_O_._ TEST NO.2 oq.0_9.._1_.-..,HEET.__.OF l_.__

Reference: MAC SCD 52-52701, Revision _, Paragraph 6.2.3.1

6.1 P__joel!ant Valve Proof Pressure and Le&kag _

6.1.1 Install the TCA in a test setup similar to Figure 2. If the

propellant valves have been re:_oved _rom u_e TCA, they shall

be equipped with propellant valve outlet adapters. Do not

attach the leakage sensing line at this time.

6.1.2 Slowly adjust the regulated helit_m supp3_ pressure at the

propellant valve inlet to 500 +_I0 psig as indicated by the

pressure gage.

6.1.3 Maintain this pressure for a period of not less th2n three

minutes.

6.1.& De-pressurize the pz_pellant valve.

6.1.5 Adjust the regulated helium supply pressure to 150 +10 psig.

6.1.6 Adjust the DC power supply to 26 +0.5 VDC.

6.1.7 Cycle thepropellant valve three times and leave in the clos_

position.

6.1.8 Attach the leakage sensin_ line and arrange the leakage

testing equipment slmll_r to Figure 2..

6.i.9 Adjust the regulated helimm supply pressure to 5CO +_I0 psig.

PREPARED BY: DATE

E. Adam_

C_EC_ED BY: DATE

FORM 608-B-38 NEW 6-63

IL-15019-2

..........

APPROVED FOR NAA: DATE APPRO_ UL -_ ',,IcS@NhELl...: DA-rE



DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AriD MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST._--

T:4RUST CHAM}3].il A_,),-_-.__,- 100//

PKC?F.LZANT VALVE PROOF ??---_ZSUkE

_ v.IZiI[A,"G.-

r MAC_ 52-5__22_701-285 _

PART NO._[ NAA 209301.- "
_01

TEST N O.2_S H E ET 2 E; OF _].0__,5_

6.1.10

6.1.11

6.1.12

6.1.13

At first indication of leakage, _mit at least two minutes

to insure a steady leakage rate and then measure the leakage

over a period of at least five m_utes with a stopwatch. If

no leakage is apparent after five minutes or if the measur¢4

leakage is less than 0.5 .-% reccrd the leakage rate as

"less than O. I sce He/:4_;". The max_aum allowable leakage

is 2.23 scc He/MIN.

.De-pressurize the pror.ellant valve. Disconnect the helium

supply line_ the DC power supply and the leakage sensing

line. Cap the propellant valve inlet port arm electrical

receptacle.

Failure to pass the above tests shall constitute a failure

of the propellant valve. See paragraph 3.6.1.

R_ove the TCA from the test setup. Replace all protective

COVerS,

PREPARED BY:

E. ,:.d_4_.s

DATE

FOR,'.I608-9-38 NEW 6-63

t52

APPROVED FOR NAA: DATE IAPPROVED FOR McDONNEI_L [,ATE

..-cp,_ ".,<,.rJ (] Z./, //c';;_" ,t ..... ,
• /.. O <. ,:.

,l'
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A DIVLSIO I_ OF _OMT_ A_vtlC_IICA_',J AVlM.'VtON I_G

!

-)

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

T]{RUST C}[/J,_ERASSF£<BLY - IOG_
COMPONENT NAME

r!:R[ST CE,_ER PROOF PiKESSURE

NAME OF TEST A_D IgAKAGE

Reference:

6.2

6.2.1

r MAC52-5270 -2S 
PART NO t N#._ 209301

o ...._01
TEST NO 20,301- SHEET _j_._OF_IQS_

6.2.2

6.2.3

6.2.4

6.2.5

6.2.6

6.2.9

6.2.10

I_l FORM I608-B-38 N[3_ 6-63

FAC SCD 52-52701 Revizion _, paragrap_ 6.2.3.1

Thrust cha_mbet Proof Pressure ar:d Leaka_

Install the TCA in a test setup similar to Figure 3.

;_OTEI." It shall be necessary to perform th_s test in a

hazardous test cell. See paragraph 3.8.

Close V 1 "I

Apply leak test compound to all accessible welds on the TCA.

Energize the fuel propellant valve wSth 12 ±2 VDC.

Slowly increase the regulatcd Heli_n supply pres_uy_ to 392 ±10

psig. ia_ntain th_s pressure for a period of 3 L_ mSnutes.

Evidence of leakage _n the areas specified in paragraph 6.2.3

shall constitute a failure of the TCAo

Reduce the regulated Helium pressure to zero and de-energize the
fuel valve.

Repeat paragraphs 6.2.3 through 6.2.6.

Failure to pass the above test shall constitute a failure of
the TCA. ( Reference p&_%raoh 3.6 )

[;ash residual leak test compound from the TCA with deionized

water and blow dry with GN 2.

Remove tLe TCA from the test setup and re-install all Frotective

closures.

PREPAREI) I_Y: D_TE I'APPROVED FOR NAA: DATE IAPPROVED F(_RMcDONNELL: DATE

R.Cole , A, • t//, (" "_!
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RO CI4[ E"][" D¥ l'_ IF.

A DVVI_'ON Ow" NOPe_r_ AC',4E:_CA_,J AVIATION I_C

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST

THRUST CH:L_:B_R A,q.STjC%Y - 100#

PROP..ELLA;.,T VALVE Id_2CTRICAL

[t_SiST_],_C_

MAC _,52- 52701:2_L____PART NO NAA 2093Q_.

b01
TEST N O 209301- oHEET 2-/-oFlO_ _

Refer_ce:

6.3

6.3.1

6.3 ./+

6.3.5

6.3.6

1-_0 SCD 52-52701 Revision _j paragraph 6'2.3.2

Propellant Valve Electrical •Resistance

Install the electrical harness on the propellant valves.

Obtain a valve body temperature of 70 +10 _.
!

Adjust the __mpedance bridge to measure resistance.

Measure and record the resistance between leads A amd B of the

propellant valve. The acceptable resistance is as sho_m on

Figure 9.

Measure and record the resistance between leads C and D of

the propellant valve. Ti_e maxi_a_m acceptable resistance is

1.0 ohm.

Failure to pass the above test shall constitute a failt_e of

the propellant valve. See paragraph 3.6.

Remove the electrical harness from the propellant valve and

reinstall the protective covers on the propellm_t valve

electrical connector .

PREPARED BY:

E. Ad aras

DATE

.CHECKED BY: DATE
•f2 _ /

APPROVED FOR NAA:

FORM 608-_-38 NEW 6-63

13P_

DATE [APPROVED FOR ,'.I,cTYS'.N:_ELL ._ATE
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RO C _I[ ET DY_ _=E
A _IVI_ION O_ NORTH AM[_tCAN &VIAYION IN_

)

)

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME T}IRIJST CE'_'_}.R ASST_-.'BLY - 100,-_
I-'R0r.ELLAI_T V_t.LVE DI]: -,LECTRIO

NAME OF TEST STiLI_"t_GTI{

• MAC:: 52-52701-28___55

PART NO.tN__01_. _
L0]--,

TEST NO._SNEET2_ OF IC_

Reference: _C SCD 52-52701 Revision n, paragraph 6.2.3.3

Pr__ellant Valve Dielectric Stren!_h

Install the electrical harpess on the propellant valve.

Attach ground leads to the propellant valve elecbrical

connector body by means of alligator clips.

6.4.2 Adjust the 60 cps AC voltage output of the leakage tester
to zero.

6._3 Set the capacity compensation selector switch on the

leakage tester to 'qC1_".

6.6.6,, Connect one of the leakage tester Leads to lead A of the

propellant valve and the other lead to the propellant valve

ground lead.

6.6.5 Depress power switch on the leakage tester, and adjust the

voltage control until 500 +IO VPJ[S is indicated on the

voltmeter. If the leakage tester _._neter reads off-scale,

reduce the voltage ur_til approx_nately 800 rnicro-_._ps i8
indicated on the ar_meter.

6.6.6

6._.7

Rotate the capacity co_pensation selector switch until a

minilnum era-rent flow is indicated on the aumeter.

Adjust the voltage control until 500 +._10 _,9t[S is indicated

on the voltmeter.

6.6.8 Observe the a,_meter for a peried of one _inute. Maximum
l C"allowable current lea:<a_e is 500 _icro-az.R_s.

6.6.9

PREPAREDBY:

E. Ad_s

. DATE

Release the leakage tester power P_tch and disconnect

the leakage tester leads,

DATE APPROVEO FOR NAA: DATE APFROVED F&R M.cO,$NNELL: Ca:E

FORM 608-B-38 NEW 6-63

R-15019-2



_O C_[ IEE_- DY I_g E
A D,VtS,ON OF ,_Or4"1"+..0 A'*AE_*C_ ,'.VtAV*ON ,NC

r_ -

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST.

MAC 52-52701.-285T:_UST C:4AH._ER ASSR[B]Z ,- 1OO"/ PART NO. 209301-
PROPE////4T VALVE DIZL_TRIC NAA_ =

o 1.01STEF_:GTH TEST NO _093 01- SHEET_--9--OF :[0___5

6.4.10

6.4.11

6.4.12

6._.13

6.L_. 1A

6./4.17

Repeat paragraphs 6.4.2 mid 6.4.3.

Connect one of the leakage tester leads to lead C of the

propellant •valve _ the other lead to the p1_pellant

valve ground lead.

Repeat paragraphs 6._.5 through 6._.9.

Repeat paragraphs 6._.2 and 6.4.3.

Connect one of the leakage tester leads to lead A of the

propell_nt valve and the other to lead C of the pl_pellant

wlve.

Repeat paragraphs 6._.5 through 6'&.9.

Failure to pass the above test shall constitute a failure of

the propellant valve. See paragraph 3.6.

R_nove the electrical harness and the ground leads from the

propellant valve and replace the propellant w<lve protective

covers.

PREPARED BY:

E. !,.d___s

DATE

CHECKED BY: DATE

_'_ ' c..,,_j /2. _t-4,F

APPROVE/[_ FOR NAA:

,SS 
FeRn4 608-B-38 NEW 6-63

136

DATE [At . -::VEO FOR McDONNELL:

/ ""//'/ .. ;
- /

R-15o19-2
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a. D,vlt_o_._ oP _om_ AMebiC:AN ,_V_ATtON ,e'_C

.°

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

r MAC--_2-52_01-28_

COMPONENT NAME T]_UST CiUd_',-vRASS_,C_LY - 100# PART NO tN__ -

A01 "" "05
NAME OF TEST PROP_L.@_T VAL_FUI;CTICN_ i TEST NO __SHEET _v OF "<

Reference: ]_C SCD 52-52701, Revision _. paragraph 6.3.1.3,1

6.5.2

6.5.3

Pr___9?ellantValve }bnctional

Install the TCA in a test setup as sho_ in Figure h. Provide

a temperature environment of 70 _+5_" until temperature stabil-

ization is obtained. Stabilization is defined as a t_erature

variation of not more than +3 F for a 30 minute time period.

Com_ect the current trace lead to the propellant valve. Do not

cormect the voltage trace lead.

Adjust the pressure regulator to obtain 300 +_1"0psig on the

pressure gage.

Adjust the DC power supply so that 26 _40.5 VDC is read on the
voltmeter.

6.5./+

6.5.5 I

Close the mercury s_ritch and record the oscilloscope current

trace with the }_olaroid camera. A s_ple current trace is

shm,m in FiGure 5. The max_num valve opening response time

is O.021 seconds from electrical siznal to poppet open. See

Figure 5 for typical valve opening response characteristics.

Open the mercury switch.

Reduce the helium supply pressure to zero.

6.5.6

6.5.7

PREPAREDBY:

E. Ad_s

C. C ED DATE
f, <rj_.. ..... _, i_.._1

Disconnect the current trace lead and connect the voltage

trace lead.

Close the mercury s_tch to Verify that the propellant valve

has opened. Then open ti_e mercury switch and record the

oscillosc%_e voltage trace with the Polaroid ca:_era. A smP ple

voltage trace is sho_au in Figure 5. The max_R_ valve closing

response tLqe is 0.075 seconds from electrical signal to poppet

closed.

IA'---Pp---ROVEDFOR NAA: DATE IAPPROVED FOR M-c_-N-NELL: - -O/{TE.DATE

•I ....' "
:;4 / i(l .... . <'J

FORM 608-B-38 NEW 6-63
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME THRUST C,'-LA].{B_-"B.ASS_-_LY - 100#

NAME OF TEST PROPEI/_,_T VALVE FUNCTIONAL

MAC. ..52-52701-285

{PART NO. NA.A 209.301_ ......
01

TEST NO2093 O1- _HEET3__OF10___

6.5.8

6.5.9

6.5.10

6.5.11

Adjust the helium supply pressure to 300 _+I0 psig.

Adjust the DC power supply voltage to zero.

Close the mercu_7 switch.

Increase the DC power supply voltage until the propellant

valve opens as _dicatd by a pressure drop. The mazJuu_n

accepbable pull in voltage is 16 VDC as __,dicated on the

•output voltmeter.

Reduce the helit_a supply pressure to zero.

Reduce the DC power supply voltage until the propellant valve

closes. Note deflection on millia:mneter _hich indicates valv_

closing. Record valve closing voltage. The min_num acceptable

drop out voltage is I.O volts.

Open the mercury switch.

Failure to pass the above test shall constitute a failure of

the propellant valve. See paragraph 3.6.

Remove electrical leads and the helium supply.

Replace _ll protective closures.

PREPARED57:

F_. Adams

DATE

'C.HECKEDBY: DATE

FORM 608-B-38 NEW 6-63

!38

APPROVEDFOR NAA:
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:_ O c _4c _z_ TM D _ _ _-L"
A DIVI_00N OF f_ONTH _41_IoCA,e AV,_*TO0"_ ,NC

DESIGN APPROVAL TEST OF COX$PONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST

Reference:

6.6

6.6.1

TIII_USTCHA_ER ASSE]._LY- lOC.#

ICEIG}_ DETEP_INAT 10N

MA 52-_ )'/O1-;285
C__.-;'PART NO. NAA 2__.2Q_.301..

TESTNO20930 : O5

MAC SCD 52-52701, Revision _, Paragrap}_ 6..3.1.4.1

l,_e__ht Determ!n_tlon

Weigh the TCA to the nearest one-hundredth (0.01) pound
in accordance with ._0220-290 and record.

DATE.

C_ CKE0 BY: DATE

FORM 6o8-_ 38 NEW 6-63

APPROVED FOR NAA:

DATE IATO;'ED FCR tAcDONNELL: _/ IDACE

•r,,,-_...Y// " //d/l

t"_: e-,_ _:,'._6 _ '_-";:_*"_'Y'_'" /. i

P_15019-2 i39



_IVI_ION O_ NORTH &M[_¢C_ _VI_TION. INC

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST

THRUST CHA_,2,ER ASS_'._LY - 10_

in__ol Ci£_'BER _SS_r_LY

FIR!_;G Pi0CEDURE

..... 52-52701-285
/ tYi/4t-,, __

PART NO. t NAA 20o291
Z0I

TEST NO 209301 -_ SHEET.3./OF 1___

Reference: 1,L&CSCD 52-52701, Revision H, paragraph 6.3.1.3.2.2

Thrust Chamber Assembly Firin R Procedures

Inspect TCA braze and weld joints for leakage using Seal

Assembly 9017844and leak test compound at 1OO !25 psig.

6.7.2 Install the TCA in the app!ie_ble thrust mount located in a

hot fire test in_tallation equipped with instrm_entation per

Table I. The required propellant feed system is shown

schematically in Figure 6. Leak cheek all connections
downstream of the flo_eter.

6.7.2.1 The Cape Cycle Fxri,,g Test shall be controlled automatically
and conducted as follows:

6.7.2.1.1

6.7.2.1.2

Make a one second firing followed by another one second

firing five _,inutes !ate_r.

Wait ten minutes and rmke a one second firing followed by

another one second firing five minutes later.

6.7.2.1.3 Repeat paragraph 6.7.2.1.2.

6.7.2.2 For EAT duty cycle firings the firi_g control si_all be

automatic. The pulse sequence and duration shall be

according to the schegule of Table II.

Prime the facility feed system with the propellants.

Activate altitude chamber _ achieve and maintain a s" _lated

pressure altitude of 100,000 feet or greater. If tile firing

is to be cape cycle the pressure altitude shall be local

ground level.

PREPARED Bg': OAT£

R.Cole

CHECKED BY/ / /i

//, / .y.z_..,_y- _.,,.. .DATE//I .", v..,;I..<._j.:,?-Z'_

FORM 608-8-38"NEW 6-63

1_0

APPROVEO FOR NAA:
DATE IAPPROVED FC._t-AcDONNELL: DATE-

R-15019-2

D

D

D

@

B

@

0

B

0



U

A OtvlstO_'_ OW NOPtTb4 AO._EMICA_ AVIATIO¢_. *NC

g

]

1

I

DESIGN APPROVAL TEST OF COMPO/4ENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

THRUST CF,_.ZBERASSFiq3LY - 100#'
COMPONENT NAME

TH_'JST CI:.Ai,%ZRASS_.3LY

NAME OF TEST FIPJIiG PROC'£DLS%E
, ..... " ,, T ........ _ ...... , ' ,',?.' ' ; '

MAC.52--5.2701--285 ....1
F _RT

NO._ NAA_ 209._01
4O 1 ....

TEST NO. 209301-..SHEET..S_/LoFlO__0_.5_

6.7.5 Establish a valve voltage of 26 +1 VDC i.e., as measured

at the valve in the energized position.

6.7.6

6.7.7

6.7.8

6.7.9

6.7'10

6.7.11

6.7.12

-_ ,,

Condition the propellants and the TCA hardware and environment

to the required temperatures.

_ke f_nal propellant tank pressure adjustments to obtain

the required TeA inlet pressures guring steady state

operation as follows:

Oxidizer IrJlet Pressure 286_+10 psia

Fuel Inlet Pressure 280_+10 psia

Turn on instrunentation. The parameters tabulated in

Table I shall be monitored and recorded during the hot fire
test.

Fire TCA as required to accomplish Hot-F_re Test objectives

per paragraph 7, while maintaining the propellants and T_

environmental t_@eratures.

Reduce the pressure altitudeto local ground level conditions

upon completion of test objectives.

Remove pro_:eilants from the propellant feed lines em_loylng

the Facility Evacuation System.

Purge throuAh the TeA using GN2.

' ' ': ._t_ "" ,..... ;' '

APPROVED'---FOR NAA: DATEPREPARED BY: OAT[

R. Co le
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A DIrt'ION Of" NOmTM a, ME_ICA_ AV_ATION. ONe

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME _4RUST C,_,M4BER ASSEMBLY - 1OO@
THRUST CH?d_BER ASS_MBLY

NAME OF TEST FI_G PROCED_REP

- MAC F2-52701-285
PART NO{NAA 20930-'__

.^2o;;oi:l_qz,_,__ 35_. lO5
TEST Nu ..... b_E/__ur_

6.7.12.1

6.7.12,2

6.7.12.3

6.7.12.4

6.7.13

Adjust ON 2 purge pressurant to 120 +20 psig.

Cycle the T0A oxidizer s_Id fuel valves two times

simultaneously and leave in the open position.

Continue to purge for thirty seconds.

Close the TCA oxidizer and fuel valves.

Remove the TCA from the Hot Fire Test installation.

PREPARED BY: DATE

R. ,o]-_

CHECKED BY:. _,,_../. / DATE

I/ . :_ I !.' ,':_"_..
./.,i ..... ./ /._-.,:.-" _ Z-'.;

FORM 6p8-g-3 8 NEW 6-63
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Division OF NO_T04 _ERICA_ _VaA'rlO_ ING

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

_- c? _..... 10C'E.'COMPONENT NAME T.u{0.,. CHA1,33£RAS,/!:'._I,Y -_ _.;

NAME OF TEST DECONT_._INAT!ON PROCEDURE

MAC 5_ 2-5__&_OI-,_S5PART NO. NAn, 209301

TEST NO.2_O9301J_I-]EET36OF I_!95__

6.8.2

6.8.3

6.8.4

6.8.5

6.8.6

6.8.7

6.8.8

Decon_iq',in£ tion Procedure

The TCA shall be Cecontaminated as follows, using a hot GN2
purge ane anhydrous isoproph! a!cobol, reagent grade, .ACS_
for the fuel side flush and freon MF for the oxidizer side
flush.

NOTE: _e hot GN2 purge maybe accomolishcd at the hot fire
tesh faci!xty.

Attach 26 V£C (nominal) electrical power SUpS)].j" leads to the
TCA electrical connectors.

Connect G.Np purge line to the oxidizer valve inlet. See
paragraph 3.8.

Open the GN2 supply valve and purge the oxidizer side as
follows for five (5) cycles, using 26 +I VLC.

(a) 60 seconds on (_nimum) ""

(b) 15 seconds off (maximum)

NOTE: The ON 2 oressure and temoerature, at the v_Ive inlet,
shall be" 120 _+20psig and 160 _+20OF. I

Close tLe GN2 suooly valve and vent the 0',{2downstremm of the
supply _alve.

A

Disconnect the supply line from the oxidizer valve.

Cap the valve adapter.

n_ _ _rn ORepeat ;,_._,_ _,h 6.8.2 through 6.8.7 on the fuel valve.

-t

PREPARED BY: DATE |
R.Cole . I

CHEC)<ao.,p¥ DATE /
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APPROVED FOR NAA: DATE

FORM 608-B-38 NEW 6-63
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RO C _[g[_SE'_D _W_ l_g _EE
A OtvisiON OI e NORTH A'_ENICA_.I AVIATION tNC

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST

_IRUST Ctb&MBER ASSEMBLY - i00#

DECONTAMII_ATION PROCEDUIKE

MAC 52-52701-285

.PART NO.{NAA_ 20)301.

, TEST NO20"9301-hOs]FIEET37 OF ±0>

6.8.9

6.8.10

6.8.15

6.8.16

Install tl_e TCA in the decontamination facility.

Attach the facility alcohol supply line to the TCA fuel valve inlet.

See paragraph 3.8.

Cap the TCA oxidizer inlet line.

Install the electrical harness on the propellant valves and connect

the harness to the DC power s_ipply.

Energize the TCA fuel valve to the open position _th 26 +..,Z_.

F10w alcohol through the TCA for 5 _gnutes minimum. The alcohol

shall be flowed at a TCA inlet presmlre of 50 +5 psig. Continue

%o flow alcohol through the TCA as follows for twenty-five cycles:

(b)
IO seconds on (minimum)

2 seconds off (maximum)

De-energize the TCA fuel valve to closed position and vent the

alcohol supply system.

Remove the facili_ alcohol line and attach the ON 2 supply line to
the TCA fuel valve.

Energize the TCA fuel valve to the open position with 26 +IVF_.

}Xarge the TCA ;¢ith GN 2
minimum.

at pressure of 120 +10 psig for 3 minutes
m-

De-energize the TCA fuel valve to the closed position.

Disconnect ON 2 line from TCA fuel valve ar_ cap the fuel valve inlet.

PREPARED BY: DATE ]APPROVED FOR NAA: DATE IAPPROVF._DFOR McDONNELL: DATE

R. Cole II ....I ....
I'CHECKED BY: } f / ,DATE _f'_"_..;#, _ /;(('"_'_ "l'°v2

FORM 6(JS-B-38 NEW 6-63

l_ R-15019-2
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RO C K I_T DY I'_ ]E;

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST_ II

THRUS? CH_IgER ......: _

DECONT_'_NATION PROCEDURE

cj2-c]2701-285

MAC " ."PART NO. N/_ 209301

• _O93ol-uOl .... 38 ^_ 105
TEST Nu. I __bM_tl--Ur--

6".B.2..I.

6.8.22

6.8.23

6.8.2[

6.8._5

6.8.26

6.8.27

6.8.28

6,.5.29

6.8.30

6.8,31

Remove cap from TCA oxidizer valve inlet.

Attach Freon I@" supply line to TCA oxidizer valve inlet.

Energize TCA oxidizer valve to open position with 26 +l VDC.
N

Flow Freon MF through the TCA for 5 s_nutes _'L_mn. The _V_eon

shall be flowed at a TCA inlet pressure of 50 +5 psig. Continue

to flow Freon I,_ through the TCA as follo_s fo_ t_'enty-five

cycle s:

(a) IO seconds on (mini_)

(b) 2 seconds off (m_)

De-energize TCA oxidizer valve to closed position and vent the

Freon supply system.

.Disconnect Freon Supply line and attach GN 2 supply to TCA o._--dizer
inlet.

Energize the TCA oxidizer valve to open position }_th 26 +i VD3.

;hlrge the TCA with ON 2 at a pressure of 120 +lO psig for 3 _inutes
mini_om.

De-energize the TCA oxidizer valve to closed position and remove
the electrical harness.

Remove the ON_ supply line from the TCA oxidizer valve and r_ove

the cap from _he fuel valve inlet.

Install throat plug and correct vacuum equipment _ the throat

plug port cnd the propell_mt valve inlets.

PREP_R__: D_rE] APP4OVT-6-_0-4_AA" -DA-_-IAPPROVED FOR Mc DONNELL: DATE

CHECKED BY) , ," / DATE I /./"/CII j__ I,:,'_I/./Qi_ /><"_l"_;¢_f .{"/_" "@ .-; ./ _ .... t ,-" r" ' .:. :_" _ t ".;' " " *//; ._/t.:<+,:/ z :.., _ I i_" z :..: . _,4 3--6,;b Z t
FOR_468-m38 :SEW ll6'63

i:I.--150]CI-£ .,,._
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D*vl_sO_ OF _o_v_ AMI_ICAN AVI_Y'ON. *_c

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

N2,_E OF TEST.

THRUST C};A,':_ = ._ uL,_f

IECQ_T_].III,IATIOJPROCEI'I:

i{ MAC 52-52701-281PART NO NAA 209301

401 ,,
TEST NO 209501-SHEET-.19OFJ.QS_

6.8.32

I

I

6.8.34

PREPARED BY:

R. Cole

Place TCA in enviroment of I.O psia or less for a period of

not less than fi£teen mJnutes. The propellant valves a1_i

injector shall be heated and maintained at a temperature of

160 +10 F for the entire fifteen minute period.

Remove the throat plug and the vacuum Hnes from the TCA.

Replace all orotective closures.

DATE

.C_ECKEDBY: DAT_/

_T_M 608-9-38 NEW 6-63

t
OAT _-"APPROVED FOR NAA: DATE |APF,;'('_"JEDFOR.McDONNELL:

&!""_,"" "_' e .t .t

/

R-15019-2
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME THRUST C}LA_ER ASSE._,_LY - i00#

NAME OF TEST E_JIRO_NTAL AND SERVICE LIFE TESTS

_ference:

7.0

NO [ MAC 52--_52701-285 'PART 1NAA 2_C2_30!"-•
2o93Ol-s_O_F,__.,o__ zo5TEST NO. _ all Ur

I,L_CSCD 52-52701, Revision G, Figure 12

Environment and Service Life Tests

In this section the required envlrol_uent and service life tests

are specified for the TC_. Sheets are provided for the re-

cording of enviro_nental and service life data and the data

of the operational tests required to demonstrate specification

compliance.

OATE

C_H_ECKED BY: DATE

FORM 608-B-38 NEW 6-63

!APP'-P-I_O-_]EDFOR NAA: DATE iAO_qOVEO FOR McDONNELl: DARE-

... ,_ . _ _ -_.
t¢ "<" l-_-c_/1 I // _"-"I-
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COMPONENT NAME

NAME OF TEST

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

MAC___2-52701-;R2!5___._I_IUST CHA._._Fa ASSE,'._LY - I CK)#. 15ART NO. NZ_A 209301-

_;V_OI_Q-@_T #J_D SERVICE LIFE TESTS T .209301 _EIEI._c, =IO}TES NO. ___

Reference: _L%C SCD 52-52701, Revision H, Figure 12

Thm,,st Chamber Assembl_v_ Nwnber One

This sub-section specifies those tests which are to be perforr_d

on Thrust Chamber Assembly l'_mber One.

PREPAREDBY: DATE

E.Adams IO-20-6_
CI4ECKED BY:, DATE

FORM 608-a-38 NEw "6-63 _ '

1_8

APPROVED FOR NAA:

DATE i'AP*--ROV_r-.DFC,R _,_cCX_,NNELL: DATEI

-'-- ";';. '//_.3f"#_ A" _//" L ',./ -/_>iI

R-15019-2
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME THRUST CH,U,_ER ASSE,,,_LY - 100#

NAME OF TEST P£_T_,-.-_F_STINSFECTION

MAC 52-52701-285. ....PART NO. NAA 209301 ,

TEST NO. 209301-_O_ETA20F]333--

_fe_nce:

7.1.1

7.1.1.1

7.1.1.1.1

7.1.1.1.2

7.1.1.1.3

YAC SCD 52-52701, Revision _, paragraph 6.2.2.1

Pre-Test !nspcction - TC:_ #1

Test Procedure

Verify that the TCA is of the proper configuration, that

it has been properly packaged and that it contains no

defects such as broken parts, corrosion, d_age or

deterioration. Also verify that the TCA has passed the

acceptance tests of P_0220-/,08. Only t!,ose TCA's l_eeting

the above requirezents shall be acceoted for L_T. An

exception to the above configuration requirenent is the

TCA modified by _C for the vibration test. Reference

_:&C Drawing 52-52067.

Braze the extended propellant valve inlet tube adapters
(P/N 99-106716 and 99-106715) to the oxidizer and fuel

propellant valves per RAO607-OO9. Remove after vibration

test. Braze basic inlet tube adapters (P/N 99-106126-31)

to T&_ after _echanical shock test.

Perform Weight retermination on TCA with basic inlet tube

adapters per paragraph 6.6.

"PREPARED BY: ' DATE

R.Co!e

cHEc  / / DATE

FORM"6OS-B-38 NEW 6-63

R--15o19-2
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST_

?;1.1.2.2.2

7.1.1.2.2'3

THRUST .,..:,,m_P,'n_'_.,,AS,_E,aI,Y.q' - 100#

P,_-_ _S, IICSPECTION

= ........ -T--r--

Test Deta ,- TeA _

Coeponent Identlflcatton

ComponentName TC_

adapters instz!led on the TCA.
I_; -: ." , ,,

?.1.1.2.2.4 fnspect[on Re=arks '" ," (;_:,_

_ - , . /" :..." :_ "; /.....

Oxidizer Fuel

Valve Vslve

>:eDonnell Part No..J:,:I:L:,2-.;:.:"'-.7.,_

Hocket_yne .Part No. ..... ;-' .' _..... "' :' ""- _"-.:
. . .

Co_nent.. Serial No. z;'." " " "7 _ "' >"" ,,"z , ......,._ _,

Inspection (P_ference paragraph 7.i.I.I) "

The TCA ,^us inspected to insure that it _,as of the proper

configuration (';ith the exception of the vibration test

TCA)_tPat it had been properly pac_mged and that it

contained no defects such as bzoken p_rts, corrosion, damage

or deterloration. Also the ?CA records _,'ereInspected and

it was verified that the T_ had passed the acceptance

tests of R_0220-408 _ (yes or no).

_e extended inlet tube adapters '_'ereinstalled on the propellant

valves per paragraph 7.1.1.1.2 for vibration tests only. ..:-.

,-Tr--7:,-.'2 -- !: : ....... _- _ , _ *i f_; ,'" - "
' I_-_'_i>" -'. _" "_ I- ) ; .... " ":'- - - ., -'L ._ ./,.; i. *'-,_',' * ';.,
The%xtended fnZet: tube adapters _,ere removed from the propellant

valves follo'w_ng the vibration tests and the basic inlet tube
. ".. ). ..'. :/

_, ,.'_ ",/ .. , -.. ,- .....
"1" .,::"_ .' z _,,/ , I', ",C

-', 4L: :::_ ;' _,_" '

'/ I :: "/,'. ": [ '. ,'" " . .' .," "- :.: "• "

PREPARED BY __:.

E.. Adams

tom 6o8-8-39 NEW 6--6 3

150

WITNESSED FOR NAA DATEICERTIFIED FOR McDONNELL

JVERIFIED BY USAF {)ATE
I
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

• No.[ MAC 52-5270Z-"_5
COMPONENT NAME TIIRUST CtLL_'3ER ASSE1"BLY - 1OG_/ "PART L NAA_209302"- "

PRE-TSST ]21SPECTIO_ -J ....
NAME OF TEST TEST N_ 2.__9_0!_'4sO_EET_L.O,_'I.O_--

I

7,1,1,2,3

'o •

Weight D_toz_t_tlon Test (reference paragraph 6.6) ..

All protective closures yore removed from the TCA.

(Yes or No)

The TCA dry" weight was _pounds.

(Record to the nearest one-hundredth pound)

• ,'. q.'

• "_ .:

PREPARED BY

5E;, A da__s

C,',iEIC-ZRIIFIEO FOR McOO_::-.ELL

I

FORM608-B-39 ,nov 6-6 3 _,

II-1.5019'2
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DESIGN APPROVAL TEST OF COMPONENTS
FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST

THRUST CPIAI,3ERASS_LY - IOQ_

VIBRATION

MAC 52-52'701-285

PART NO.{ NA.A. 209301
401

TEST NO.2._I-.SHEET_&OF .-lO.5

Reference:

7.1.2

7.1.2.1

7.1.2.1 .I

7.1.2.1.2.2

7.1.2.1.3

7.1.2.1.3.1

f lJ Jl23 2

?. 1.2.1.3.3

l'_O SCD 52-52701, Revisior 14, Paragraph 6.2.3.17.3

Vibration - TCA #I.

Test Procedure

Install the TCA into the vibration test facility. The

direction of the vibration input shall be along the X axis

of the TCA (see Figure 7).

I_OTE: Remove nameplate and mount accelerometer. Replace

nameplate at new location on TCA.

Perform a sine wave survey on the thrust c}>_uber.

The su1_,_ey shall be a one (I) G vaximmn peak logarithmic

sweep from 5 to 2000 cps in 5 _+I minutes.

Record the input and output accelerations on an oscillograph

recordero

The rand_ vibraticn input shall be per Figure 8.

Perform a ten (IO) second vibration table eque!ization nm

at the test level to verify spectrum shape _nd tolere_ce.

Record and analyze the data.

The power sFectral density is to be the specified value

with a plus forty (40) cercent and minus tLirtv (30)

percent tolerance when analyzed with I/3 - octave or

narrower filters.

PREPARED BY:

J.Ganger

DATE

CHECKED BY: DATE
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME T_J_U.$_T___Q.._R_ASSE:-,BLY - 10[_

NAME OF TEST____V_=_CFATION

MAC_52-527O1-285,
PARTNOI{ _Z0_9.]01

TEsTNO20_ _9_ _O1-4sOIEET46_OF105

7.1.2.1.3.4

7.1.2.1.3.5

7.1.2.1.4

7.1.2.1.4.1

7.1.2.1.5

7.1.2.1.5.1

7.1.2.1.8

7.1.2.1.9

The overall _,_ acceleration level is to be 9.6 G's plus

fifteen (15) percent, minus zero (0) percent.

No smaller than three (3) sigma clippers shall be used to

limit the input level.

Readjust the controls and repeat paragraphs 7.1.2.1.3 and

7.1.2.1.3.1 as required to conform to paragraphs 7.1.2.1.3.2

through 7.1.2.1.].4.

Full level equalization time for the purpose of varifying
the spectrum shape shall not •exceed t_<en_y (20) percent of

total test duration for each individual axis.

Vibrate the TCA with the random vibration input established

in paragraph 7.1.2.1.4 for a duration of eight (_) ±0.1

minutes less the time acc_vulated, for each respective axis,
in paragraphs 7.1.2.1.3 and 7.1.2.1.4.

Record and analyze the input and output acce!erati:_ns at
selected intervals.

Remove the TCA from the test setup.

Perform paragraph 6.1 through 6.1.4 of the Propellant Valve

Proof Pressure and Leakage Test on both valves. Apply leak

test compound on the inlet tubcs during paragraph 6.1.3.

Repeat pnragraphs 7.1.2.1.1 through 7.1.2,1.7 except thst the

direction of vibration input shall be along the Y axis (see

Figure 7).

Re,eat paragraphs 7.1.2.1.1 through 7.1.2.1.6 ezcept t}:_t the

direction of vibration input shall be along the Z axis (see

Figure 7).

PREPAREDBY: DATE

R. Cole
r

CHECKED,BY:.. ,-/ / DATE

FORM 6o8-e-38 NEW 6-6 3

R-]5019-2
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a_ _IVtI. ON 0_" NOI_YN AI_I[_JCA_,I AVI_Y_ON INC

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST

THRI!ST CH!d,_ER ASSEt_BLY - i00_

VIBZ_TION

NO.r MAC 52-52701-285PART
• *LNA& 209301

2C93OiJ'r!_h7 _ 105TEST" NO. _nr.r_.__ur__

7.1.2.1.10

7.!.2.1.I1

7.1.2..z.14

Record post condition of TCA using a b orescope.

Perform Propellant Valve Proof Pres_are and Leakage Test

per paragraph 6.1 on the oxidizer valve.

Perform Propellant Vs_ve Electrical ' "Reslstanc_ Test per
paragraph 6.3 on the o_idizer valve.

Perfoz,._ Propellant Valve Dielectric Strenuth Test per
paragraph 6.4 on the o_dizer valve.

Perform Propellant Valve Functional Test per paragraph 6.5
on the oxidizer valve.

Repeat paragraph 7.1.2.1.11 through 7.1.2.1.14 on the fuel

propellant valve,

mPerform ±h_ust Chamber Proof Pressure and Leakage Test per
paragraph 6.2.

Remove extended inlet t_e adapters.

Testing may be continued per sections 7.1.3 and 7.1.4

_ile a_aiting the data reduction of the vibratio_

testin_ (section 7.1.2).

PREPARED BY:

Cole

CHECKED BY:

DATE

FORM 608-B_38 N_ 6-6 3

APPROVED FOR NAA: OATE:qAPPROVEO FOR McDONNELL: DATE
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST

Thrust Ch_ber Assembly I00#

Vibration

• f MAC 52-52701-28,5

PART NO. t NAA__2_Og_3_. - I

J:nl
TEST NO ?C?3_l - _JREET_O_

Deviation Reque st:

5388-6210

Subject: Additional ._cceleromeLers and Strain _,-_es for the

10_',--' '_±c.._',../--'10.:__'ScaD. o," S_; h06_].Oh D'_.T ;"-_m_ni......

In addition to the accelerometer blocks ]_os. I, 2 & 3

shotm on Fig. 7_ p i00 of cap 6 - DAT Specif., .locate

acce! b!ochs h & _ on TCA and t?ree strain gages ou

valve inlet tubes as per Zngrg. instructions from

D$76/388. This is for information pua_poses only.

Recopied from original request dated 9 L'arch 1965.

J_nes D '" _ "

]._C _gineering

F.B.i_le_n

Gemini DAT Unit

_396-397, 3-_-4,5

FORM BO_:B-3? NEW 6:63

RI-_50_-_ 155



DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND. MANEUVERSYSTEM

COMPONENT NAME _

NAME OF TEST

{r_AC. _- -_i__ _ ___ ....Thrust Cha_.be_ Assmnbly ZOO# ...... PART NO. N._;. _2093F_'!*

Vibrati 6n _::_,l
TEST NO, 2_Q_ _ -'S_:FT__OF_

u;

7I 5388-6211

De_ation Request:

Subject: Loose counection of lug O exit end of ].O_ TCA

DAT Gemini Vibratic_ S_ hO6hlO4

The lug & inte;ra! braci:et assly is fc_nished h installed

with bol_s Do the _ ....... -'__n_uT.Leo ....e exit flan'_<e by .}DIC-St. Louis.

The lug is bolted by one i_$,, bolt (sinu!e shear) to a

tee-l_g ;.fl_ich is boqt_d by two bo].".s t.o -.he maim " -...._ _ AiXoCZ _6

Ti:is _ee-lug is foruJ.shed by .'U_O.Dur]ng Whe ra{_dom vibration

tcst, t}'..es!_:i:.\c shea_" I/_'i bolt becs_:e partial]% _ loose.

_'_'-IL_o4.......corm- _,_ua-" shall "-.e accepted "or _.,_o_._c__ol__*'_,'__" in order to

proceed _,<_th_ roe- _ ,% !ce/_ test as per _.aragrapk,s. 6.1 to o._,"

_- 7.1.2.1.7 of _..,T C e.nini Spec. for IOQ_ TCA S/N h_61510[_.

Recopied from oricina! request dated I_ ]<arch 196_.

F,; ._<!ein

.4,-" T' "..,e.,,._<::z DAT _m_t

D_6/3S8

b /- '_ " -'" /! .._'_'_"

/ ..... y:+..-

• Jones D. ::a_<m-o':;e_is

T.tiC }]n:;iueeriag

?-67_3- / NEW _5-_3

Li

0

f

i
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A DIVISION Ol r NO_gr_.ql AMI_e_ICdkN AVeATION qNC

COMPONENT NAME

NAME OF TEST

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

Tfu'ust 'Jha_ber Asse:r, blF lOCi/ r MAC 52-52701-285, ,

PART NO, t NAA_ 209%01

Vibration TEST NO?__SHEET__OF___

Deviation Request:

IL 5388-5212

Subject: DAT-Ce_dni Vibration Test of IOO# TCA-OASLS,cap 6

The bolted connection @ exit end lug of IOO# '£CA

which bec_:e !ocsc d'_ing the ra_:do:_ vibration test

on 3-12-65 shJail be noted "for information only" and

the }ibration tests ?_subsequent tests shall continue

_ _'T Gemini Specif.as Per _:<.

Recopied from origSua! request dated 17 Xarch !969.

James D.:'a___oer:is

]_AC Engineering

FORM 605-B-37 NEW 663

i%-15019-2

F.B.Klein

Gemini DAT Unit

D_96/388 3-!7--65

157



A DIVISION O1" NO1;11"14 AI',,II[RICAN AVIA't,':_,q 1,1%1{.

l_,q'_RNAL LETTER
North American Aviation, Inc. DATE 25 March 1965

TO Those Concerned

Address

SUBJECT Deviation to DAT Specification 209301-h(i for TCA Unit #i

P/N 208301, S/N 40641C_

After the completion of wibration testir_g, both ths

oxidizer propellant valve, P/N 409404, S/N 9371280,

and the fuel propellant valve, P/N 409!_¢5, S/N 9362063,

on the subject TCA exceeded the closing= time require-

ment of .075 sec as specified in ZO93Cl-h01. In addi-

tion, closing response times were taken of both pro-

pellant valves with an electrical setup _imilar to

that used durin:F acceptance testing, i:ith this setup_

the pro rellant valves met the acceptance criter;a

of .005 sec maximum, closing time.

Since the propellant valves still meet the acceptance

criteria, it is concurred between RocketSyne and

McDonnell that the exceeding of the DAT closing

requirement is not to be considered a failure of the
valves.

The discrepancy shall be noted on the data sheet and

testing of the T3A continued.

Supervisor
Gemini DAT Unit

Gemini DAT Unit

V_

0

B

B

0

{]

.!



DCP
No.[]

_ _

_..

Ent'd

By &
Dote

1]

1

ACTION
TAKEN

;

,..,_

I,: ,,p

INI_PIICTION PI$¢_IiiPANCY AND CORRECTION I_CORD

MAKE ENTRY CLEAR AND CONCISF..,USE INK

D_SC_IPT)ONo_D:SCR_PANCYA.DACT,ONTAKEN

Set[at No_ "

.5• _ _, ._

CLEAI?ED BY
....... ' 7 '" r

_" _ Mech. I read- _ Insp.

& I'no" & i &

i Date Date

PARTNO.20_7 3O/ _/<4 _/_ _eCZ .._T F_,'r..:._._.Z_ .....

____ _ d.,','2/ ./: "7, _. o.,# _'//_/.-',gT/o/v" /e:.)/(/

_:,'_,_<':<._,_ /

PARTNO. _,o_:o/ - ,o7_:"_/_.x,v/:<._:&el:_l::g )_:_.:F_':,<'_:--7"_:::---

__.__J:_ .:??,

ACTION
TAKEN

,,, , ,,i , ,

_..ZJ

i/_

ACTION
TAKEN

PART.o. ,:,,O?,Yo/-

!, I//A5 , _ 7?

PART NO./_

"".._./_/:__._:d_.<-.:_o2:_ _°_ J_. _._/'_'-,'J_Z_ _ , __.

ACTION

TAKEN

,' I

v PART NO. ,,', - ,

..... _,;;, - _ _.
",, , l';;"

ACTION J I
TAKEN 1_

P,,--15 019-2 [

form R25.U Rev. 12.57



INSPECTION DISCREPANCY AND CORRECTION RECORD

MAKE ENTRY CLEAR AND CONCISEtUSE INK

Ent'd

DCP By &

No. Date

ACTION

KEN

¢//"

'i'_ _.

DESCRIPTION OF DISCREPANCY AND ACTION TAKEN

Sor al

_g. No. _ _'_'3"<'/

Mo_l _,q_,d",_

I CLEARED_¥
Mech. Lead- Insp.

& man & &

Date Date Date

PART NO.
"-'(.__._...,/_.-,. / /7...' .1 ..

..... -,-.- _./'>'..."I-_ /3 f
/

,.'-,._ .. /-./ ,--

/

ACTION

TAKEN

J

i !

----i_

ACTION

TAKEN

ACTION

TAKEN

ACTION

160

d2_:'.PARTN_,.. , ,, , --_ -- . --/" ,- ,, .
-_..:,-._--'T.,_-.'.:. ..,_../_.;>-_ ,,./....,_" ./.. _.,,/,x _..;,--,_-,. .L/-,,_,- .'.-"-':_.-",-

., / , / • , ,, .
/ / / - . / . / . ...-.... _ -.- ,,,?-_ _- _.-_-:. ...._- ..<',._ . -......._.--, "_ _?,/ /-?..-__.._ %. , ,_/ ,--.,.--_..:, - . :__.,-_.,_.._,.,--...,,;_/

.. / "......

PART NO.

Form R 25-u Re,,,.12.57

PART NO.

, _-15o19-2
! I



I

_0 C _.. _ _ :_-_r _ _ s_al No....

INSPECTION DISCREPANCY AND CORRECTION RECORD
Dwg. No .....

MAKE ENTRY CLEAR AND CONCISE, USE" INK
Model

DCP
No.

1

iEnt'd

By &
Date

ACTION
TAKEN

DESCRIPTION OF DISCREPANCY AND ACTION TAKEN _____CI.EARED BY

Mech. Lead- insp.
& man & &

Date Date ' Date

i

J

_,-.-. _./':-s ,,,.,,/./z-c ._.-._.:_-7--7 _-_,_--_Z_2_ ,,-?f:.:P,._t-R/'_/'Z_'/,_i ..,- ,..,-.._i,

PART NO.

ACTION
TAKEN

,_,CTION
TAKEN

ACTION
TAKEN

ACTION
TAKEN

R-15019-2
. I

PART NO.

PART NO.

,,,, = ,. ,,

I
i

i

i
i

i

.... ,. ,,' :, , ....

PART NO.

i

. ._L_-__

i
i

' "161

Form R 25.U Rev. 12.57 ,.
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A DIvtllION OIr NOmTI-Q _,IKMI_A_ AVlA'r_ON t_lli

_D t

i"_

DESIGN APPROVAL TEST OF COMPONENTS.

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

, • , ,^_ 52-52701-285
............... THRUST CIlAMBER AS_,F_BL. - I00# _^o T _J
_uMru_c_i r_ __ _ .... r_, ,,V_NAA 209301• ., "' iF

NAME OF" TEST .... VIBRATION ....... TEST NO. 2093_ETA8 OF 105

7.1.2.2 Test Data - TCA #1

7.i.2.2.1 Component Identification

7.1.2.2.2

Component Name

McDonnell Part No.

Rocketdyne Par% No.

Component Serial No.

Accelerometer Identification

TCA

i,_.--- 62 ;c / -" l-DS.

-k,: "c:_-I v j---

(Reference Figure 7)

Location

TCA Input X

TCA Input Y

TCA Input Z

TCA Shell at Comb. Zone

TCA Shell at Comb. Zone Y

TCA She]_]at Comb. Zone-

TCA Shell at Exit

T--CAShell at-_it

TCA Shell at Exit

Sensitive ..... Ident_ficati°n _--:':G

Axis No. __l

_I
, , , ,,_ .'. . . _ --

_._: r. -. . .............

z _s, .,.'-f . ..... i
X "'i '/Z t i _: i _1

_: -¢/.; /I(:1

z ",/_,I _-i

PREPAREO BY _ '> ',,.i /) _

,_,_-_'_'_"' I , _ __=_. _,._,,_-_t)'l ,) ':.': "17 _- _ i l _ ":''" ,;idl-

E. Adams ! /_ Q._/, IVEi_IFIEO BY USAF v _TEI

FORM 6o81B-39 NEW 6-6 3 //, ;-..... -"

,'/,

162 i... I
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0q

COMPONENT NAME

NAME OF TEST

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

TI!RUST CHAffER ASSEKBLY - i00#

VIBRATION

[MAC 53:.52701-_8______._/_

TEST NK:) 209_._.0.l_ SHEETL, O, 05.

7&.2.2.3.2

Vlbration Test (Reference paragraph 7.1.2.1)

Resonsnt Surve7 - X Axls

Satisfactory Satisfactory. Test

Spectrum SDmpe r_.'S G Level • Duration

• ::L.----- -\ :- \
\ ; \

• \'_ ....

I k t ' _ i

\ \ \

Accumulated

Duration

.01_I
\

" %

\

i

b

.....

\
\

e

t

#

'{
4

.!

-I

PREPARED BY DATE

ORH 608-B-39 .NEW 6-63

_--15o19-_

;. . "

!63:. •
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A t">tvlulON OW NO_Vl-q A',_I_ICA_,II _¥1ATlOi-_ 6_*_@
f. •

COMPONENT NAME

NAME OF TEST:." •

7.1.2.2.3.3

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MAt'EUVER SYSTEM

VIB RATION

°



|
|

|I

I

• . • • ,

. , , ..

• . .. ,

• .'. . . .

DESIGN APPROVAL TEST OF CO,_APONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

I .

THRUST CHAI.'_ER ASS]_LY - 100#.
COMPONENT NAME =

NAME OF TEST.

?.1.2.2.3.4 Pro

• ."

VIBRATION - -..

Valve Proof Pressure

Proof Pressure

Pressure

0:;00+I0_

Til_e Du__abion

(3 mim )

.,I

Znspection Remarks =

k,,

TEST N_. 20930_"_S_E'ET _i'O; lC_._.._

Oxidizer Valve

%1

_ _ :- psig

(Reference Paragraph 6.1),

.\

Ft_e].Valve .'\ .

_.(q_ " pslg

minutes

PREPARED BY

E. Adams

• FORM

R-15019'2

, . •

L. "e
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• ".**. .
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,. •

, z +_ : ,n, r ,._t , _ , _ _ -

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT 1ATTITUDE AND MANEUVER SYSTEIq
. • ._

/.+ . _

• .. . •
... . . ..

°. • ,'• .. *'

•i : .

i

tt-t_o].9,.-+,

I , /" _- I ,,,"-,< ,_-:) . _f •

" I ' '_ '_;- .z F +,_
' I _/'_-'_ I

FORM 608-B-39 NEW 6,,,,.63 -.-
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM
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DtvtlltOi'_OW I,-tcm_rl.4 _._lg_lCllt,i AV_AVIOI_I It_C

DESIGN APPROVAL TEST OF COMPONENTS

,/

FOR THE ORBIT ATTITUDE

COMPONENT NAME

NAME OF TEST ....

AND MANEUVER SYSTEM "

THRUST CHOOSER ASSEMBLY - i00]

VIBRATION

• " FMAC 52-52701-285 .

PART N_tNAA_.O_. ; ___

..... _l -hOl "1
TEST NX3.--'20_.q..__QI__-.d';gET_50F'IO- 5

,.

Resonant Survey- Z Axis

Freq.

cps

7_.10

_,-g C-)

bOO

/'o-f c

Input

g_s

I

/ %'6'_-i /

Vlbrat4on Table D_c_lizat_on Test -Z Ax_s

Output Identlfl¢-_tlon

g's (no.)

/ / .... LJ _.-:

'-_ ..... ,<c<7_,# lJ c-I

, , ....... . . ,,

"Z-._ .o

i

Test

No

/

•2-

__ _V_

_

Satlsfactory

SpecLr_u SPnpe

___/.LaL_.
IVO

Ah

%" '3 _

•> y:-?

Satisfactory

R/,_ G Level

ll/ .)

Test

Duration

Accum_ulated

Zu_atlo_

,f/ 5_'C "

._x._u..5..._c;,i_

"i' _--'--" ':S _ ; "-<--'_:

"#_\
• _ "

PREPAREO BY DATEIPERFORMEO BY OATEIWITNESSEO _OR NAA

FORM 60_.-13-39 NEW 6-63
_-z_o_o/_ " '

DATE
.#

_>"

CERTIFIEO FCR ,_cOOrC:EL_, DATE

-V_'. ,'v,:':' : _._ .-'e ,___

.:-7i, ,...! .__ :..,
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DESIGN APPROVAl. TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

L

COMPONENT NAME

NAME OF TEST.

7.1._,2.3.1i

\

VIBRATION

Random Vibration Test-Z Axis

Acceleration outputs were recorded for a_lysls at the

following elapsed times:

SA,_LS #I (I ±0.5 Minute) //(

SA_EPLE //2 (3 ±0.5 Minutes) _;/

S/u_IPLE#3 (6 +_0.9 Minutes) i,'7"

The elapsed time at test cutoff was

Results of the Analysis!

SA_ #1

i

i,

J

°

.......................... :__..2:_L.':L-_L-_L:..:L-_'L.LI_.Z-L._- ................................................. : .......

_': :,

_k.: •

[;

B

B

E

9_

F"



_41Z.0 ,I::::: _.,I[: I'_-Z"j_ 1t::_ Y l"_,t :I_E_
DtV0IION O_ _omT_ A*,4t_tCAN AVJATtOI'_. INC .

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME TiLRUS'I" CHAMBER ASS_LY" - 1OO# PART N_I l'_l.MACNAA52-52"/05-28520.___930l

NAME OF TEST. VI'8_.TION TEST NO20_301-4_EETS--6"---tOF: lO._.___"

7.1.2.2.3.11.1

Post Hardware Condition _]÷ (_
Injector .: . 4,'_ El A" n,[ 1._{_ Cff . /'. i:'-'n: P_,

4

Nozzle

Stainless Steel Shell

I



_O C_ ::I;_::_:[ TM :;I;;:_# _
,I DIVIIIIOIIil 0t- IilDIITH ItEtlIMICtAN AVIATION. lllil_

,,'7

DESIGN APPROVAL TEST OF COIV,PONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

• rMAC ..... 52.52701- 285 .

COMPONENT NAME THRUST CI{A)_F_ Ass}_4BLY - F10_# PART I_K1t NAA__1-L _ ....

NAME OF TEST_ VIBRATION TEST NO.;O_ SHEET 57 OFlO5

7.1 o2.2.3o12
. •

Proof Pressure

Time Duration

(3minim_)

Inlet Pressure

(15o_+1o)

N_mber of Cycles

(3)

Propellant Valve Proof, Pressure and Leak.,age test (reference

paragraph 6. I) ..

Oxidizer Valve

, , AVoltage (26 40,5)

•"4> <_A o-
___ minutes -Inlet Pressure

• .,(5_ _o)

(5_n_._)

_, _,,-., ZX
(L':_,') ,,:__._,.:;\Leakage Pate
A_j ....... (2.23 mx_m_)

-_ (-'? .--:

..{,"_...

Z

,5-- ==,,ooI']i_

- f#Q

Inspection Remarks: #A;_";x "1_,-

P_P_REO _y OAT£1PEaFO_EO BY OATEIwrrNESSED FORNAA OATFICF__T_F_E__FpRI_¢OOfiN2L_, _ OATE
•- : . . ;... /._ kS";,.:.:.> , ,-_. ), _-

1 "'"'." -- Z ;7 I\-'1 I,.'/<// i .:1 IVEmFiEDt_¥US_F O;,T_-I

.... - - - : . _ .,. ' - _, : :: -'_.Z.---_..:J
t-o._,40o_--_-_-NEw_63 ....... ' ,. . . _. V----

172 " " 1'15019-")
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41L_)lv|il|Ohl oi_ NOLIITFI AU|NICAI_ AVIATION, I_@

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

./_"

COMPONENT NAME

NAME OF TEST.

PREPARED BY
/ .. . , t _ ";...._,.. :,:>/',?;cV-->, .'. _, ',_" ,.., ....

1_f_'_ L "_->:_-<._.-h.'<"f_ '._E. Adams

FORM 60_-B..39 NEW 6-63

R-15019-2 ,_

,I

• °
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME: OF TEST
V IBRAT ION

Propellant Valve Dielectric Strength test (reference

•paragraph 6.4.)°

Ate Ground

C to Grotmd

A to C

•Inspection Rema_

Oxidizer Valve

Voltage Current

Volts Microamps

500 _+o10 500 _max.

_I_'""' , : R-I "3hl9-':)

• ....... •

L_
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1

I1

11

g
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lllil,

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE ANDMANEUVER SYSTEM

_rMAC ._.52-.52701-2£5
COMPONENT NAME .,Tj;IRUST CH.A_4P_;._ASS_4P_T.7 . 1OO# - PART NO, L NAA_Q1--- .

NAME OF" TEST- .Y_T._I.0.,_ TEST NO,209301- EHOp].ET60 OF _10:5
I " ,' "

7.1.2.2.3.15 Propel&ant,, Valve Functlon_l test (reference paragraph 6.5)

Oxidizer Valve

Response Time

Ambient Temperature

(70 +10)
Energizing Voltage

(26 -+0.5)
Inlet Pressure

(3oo_+Io _or,,p,._.-in.)
Open_ng Time

(0.02; _u_)
Inlet Pressure

(zero for "drop-out")

Closing Time

(0.o75m_Imum)

Low Voltage Operation

Ambient Temperature

(70 +10)
Inlet Pressure

(300 _+10 for "pull-in")

Opening Voltage

(16 _a_d_um)
Inlet Pressure

(zero for "drop-out")

Closing Voltage

(-I.o=i_um)

ZO¢
.__ seconds _ _"_

_ • _ 'Z?., 8ecoM8 _P/' __
/ % • ,

" . ,2._? - '_

/.7 :., _'; "

_ 7/ .... F t&._.
/'

,:,0 pe:L& _.
t : " /../

// vDo q. _,.-.

_' psig .':'-, , 6/2 :.

/././ ,'roc

Insp ection Remarks _ t-4.,:,7.'-t

OAT_IpEflFORMED I_Y -, DATEi_ffNESSF..D FOB'NAA_' :"OATEiC.ERTJFIE0_FORMc_ELJ. _XElPREPARED BY

/" I ",," l, .t ,.I .,,. I d ,<'. .-.i_/<.,......,_ _-';L_ I /';_'il/;=D., - ..,k_C),. ._,_,IP:":"'-::t"-<

(:>08-B:'_9 NE'W"_63 ...... " ............. - ............ " - --FORM

]_ l_;nln n 175
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DEVELOPMENT LABORATORY TEST REPORT
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735alh
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g
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|
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& £)tvlmtoN oJ" _,Jo_'r_ A_,B(_ICAN AV_ATtON, JtWC

(.I

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE, ORBIT ATTITUDE AND MANEUVER SYSTEM

,I"MAC_52-52707- 2_5
COMPONENT NAMF- THRUST CIIAMB123RASS_.,"_TX - I00// PART NO, I,NAA 20ff1_01.._

sAM_O_"rEST. VIDr_TZON T_ST_?_O1- _-r 6_Lo_'1c5

7pI.2.2.3.16 Propellant Valve Proof Pressure and Leakage test (reference

• paragraph 6.1) - _

_P_'oqfPressurq

Pres sure

(5oo+20o)

Time Duration

C)_"_)

Inlet PresBure

(!5o_+_o)

Number Of Cycles

.C))

Fuel Valve

__\V-Gi_E_ (26 _o.5 "
,_ _._

_ minutes Inlet Preserve

(50O±_0)

(2.23 _.x.i_u=)

.;-..-.

V'DO

;-.,....

/ .

Inspection Remaras:

: ................ ....

OATEIPERFORP,EO BY, , OATEIV,'ITIIESSEDFOR N£A P_,ATEICERTIFIE0FOR I,_cDC_,',;-E.LL..C,ATE

d ,', /-:d'/Z-:-Y-'t-//''-'" i: I " -x- .. ,,_ .. --'*',_2J .--

PREPARED BY

E. Adams

FORM 6<:_-8-39NEW 6-6 3

"R-15019-2 , i77



A C))VIIION OI r f_O*_VN A*_I[NtCAN AVIAVtON..1'40

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST ...........

• CMAC 52-52701- 285

vI  rzo. TEST  YP30 -s O)E'42 0F105
ir , i, 1,, .

Propellant Valve Electrical Resistance _(Reference

paragraph 6.3) C._ l

l_qvironmental Temperature -7/,_-_ "(70 4-10 F)

Resistance A -B

Fuel Valve

Fuel Valve

Inspection Remarks

• J , • , , •

| i i i i i

f

:_ (Nolle

_ _ , , ,

l_ l II I II J I I I I ,

• •

0ATEI PERFORMF-O BY - OATEIWlTNESSED FOR IIAA DATE]•CERTIFIE{) EOR McOON:_L4 "GATE

i l,I 'i I'.._/.?.L I.,L L'/" .-.-.-._<-.i/_,,-. "-,..._ I _ Z ,,-.'-.." \.-;Z7"'-'-

I ->v2 q/c- I • I ......//.... " " /

i'_i50i9--.2

'

t,

F':

g

i
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A OlVI_|ON OF _O_r_* Ak41_lCWN AVtATtON._¢:

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COI_PONENT NAME _[I::i__7_R ASSEtf3LY -

NAME OF TEST

N- I"MAC--#2-§2701- 28,_ ,,,
.1f)O.'-7, , PART O.t NAA._2/:ZCE'.zI_. : .....

_ L,01 6TEST NO?_ S1_EET__3_OI-" 10__5

7.1.2".2...3.18

..°

Propellant Valve Dielectric Strength test (reference

paragraph 6._.)

A, to Ground

C to Crour__

Ato

Fuel Valve

Voltage ..I Current

Volts IMicroamps

50o+_Ioo L.,p,,,_.

,yc-_,:i _J/ ,

" _f<I") C0 -

Inspection Remark_ -

b-I O,,-._e"

)
J,

i

f

DATEI PERFOI_MEO BY.- OATEIwn'NESSED FOR NAA DATE]CERTIFIED FOR McO0_.:XELL DATE

',, I ,., J t-Z2._1"-4//..-;'_ .J,.,-,. I,"<-_-;'<_.: L._.,;..';_--::-
.,_ • - -"-*"-- .'_/ ,t." /_- t. " :-. '.,_./, ,. " --..'. .'7, . . , .

I ""_" _ I I,, 4/ , _ IVERIF_EDBY USAF .. . DATE

PREPARED BY

E. Adams

FORM B-39 NEW 6-63
1%

R-150!9_ 2 , 179
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_. DiVe.tOe,40I r NO_tTI,.q _a_MtI, ItCAN AVtATtON. tt'_¢

COMPONENT NAME

NAME OF TEST__.,

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM
,p

7.1.2.2.3 19

VIBRATION"

rNAG 52-52701- 285

PART NO.tNAA-2093OI_.

-209301- AOI _.6& .._.IC,_TEST _-._ SHEmi___Jr__

i

PREPARED BY

Propellant Valve Functional test (reference paragraph 6.5)

Response T_me

Ambient Temperature

(70_+10)
Energizing Voltage

(26 _+o._)
Inlet Pressure

(3o0 +1o _or.pull-ln.)
Opening Time

(o.021 _d._)
Inlet Pressure

(zero for "drop-oLd_")

Closing Time

(o.o75_xim_)

Low Voltage Operation

7unbient T_mperature

(70 +1 O)
Inlet Pressure

(300 +IO for "pull-in")

Opening Voltage

(16 _od.mu_)
Inlet Pressure

(zero for drop-out")

Closing Voltage

(i.omining)

Fuel Valve

E. Adams

FORM 608-BZ39 NEW 6-63

180
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EWR NO,
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R-15019-2
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A OIVIIIIONI OP" NO_TH AMEI_II'CAN AV|I.TIOh/. INI_

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

THRUST CHA_F_ ASSEMBLY - |OO#

VIBRATION

rMAc 52-52701-m85
Pt-_T NO,_ V':TT,-.: r,_--" , ---

lNA ;,2.0.9301-.'_= . __

- hO] 65 1o5
TEST Ik'O..2Q_,,,301-bHEET--OF

7.1.2.2.3.20 Thrust Chambor _'oOf Pressure and L_akage te_%. (roferen¢o
paragTa ph 6.2)

Proof Pr@ooure

Time Duration

(_25)
Vol_ (12.±2)

Inspection Romarks z

j | uJ

/rC_ _i _" ,t -,,!1' ",l,16-

_ _ . • ,,t-.-_,:,_ ._<1
,//o_Z., _ _'>, ' " "<<!'

• | i _ " "1 .......

. i,

m,,,, | , i i| | i i i | | i i i , i

. . ,, / , . <_l-/'r_'<45/.¢m _ .4-II Adams.,

FOre46o,3-13-_9 NEW 6,-6 3 _ ' •

I:!l
0

C_



i

INTF_NAL LETTER

North American Aviation_ Inc.

TO Those Concerned

Address

A DIVISION O_ NORTH m_KRICA_ AVtATrON. tNC.

5388-6_35

SUBJECT

DATE 19 _reh 1965

FR_ Gemini DAT Unit

Address D/596-3_8

?

Plan of Action - Deviation to Qemini DAT TCA Specification

2o930_-4Ol

The mechanical shock test w_s orig_nally scheduled for

I00 Ib TCA Unit #i (P/N 209301, S/N 4C6hlOh). How-

ever TCA Unit //i is not representative of the production

conficuration. This unit wa? modified at McDonnell, St.

Louis_ with a _:AC nozzle extension.

_e objective of the mechanical shock test is to verify

that the cusiomer shipping container for the Gemini IOO
ib i_ust chamber assemblies is struci_rally adeqaute to

protect the production hardware frown damage during tra_.s-

portation from Roeketdyne to McDonnell, St. Louis.

qherefore, it _s proposed that I00 lb TCA, P/N 2C9301,

S/N h066382, be substituted to complele the mechanical

shock test requirement. The TCA shall be designated as

Unit #1A. (Spare DAT TCA hardware.)

Post shock f_nctional tests will be _rformed with pro-

propellant valve inlet adapters supplied by manufact,_r_ng.

R. Cole

Aooroved: Gemini DAT Unit

R. O. EJde

SupervJ sot
Gemini DAT Unit

J'/J- ._":3 _ 9cott

183



DESIGN APPROVAL TEST OF COMF<,',E!,_TS

FOR THE ORBIT ATTITUDE AND MANEUZ-ER SYSTEM

COMPONENT NAME•

NAME OF TEST_

{ MAC..52-52701-28,5T}_UST Ci{,_.[3F2,,_&_._Y__=- 1CO:iJ.... F'A,oT q'O. NAA_._2Q92,D2_-.£ .....

]/L_#HAh_I0J_ S]{L'bCK ""T .... A-O!- 66I - 105Try, _O-2_-GHEET_OF_

?.1.3.1.5

F_C SCD 52-52701, Revision l{, Para-;raph 6.2.3.16

Shock - TCA #1A

Test Procedure

Place the TCA into its shippir_ container per _%&C616-O08.

Then install the container into the sleek test facility.

The direction of shock input shall bc _._ong the + X lcxis of

the TCA (see Figure 7).

+1.5Apply a half sine _ave shock of 15 -_ g ",;_agnitudeand 11 +1.O

milliseconds duration to the TCA. The shock ma_nltu_e_' and -

duration shall be n_onitored by an oscilloscope and the trace

recorded with a Polaroid c_lera.

Repeat paragraph 7.1.3._.2 two bimes for a total of three s..ock8.

Repeat paragraphs 7.1.3.1.1 ti_rough 7.1.3.1.3 for the-X Axis

of the TCA. Inspect the TCA for visible evidence of d_sage

following the completion of shock applications.

Repeat paragraphs 7.1.3.1.1 t.hroush 7.1.3.1.& for the Y ¢_xis
of the TCA.

Repeat paragraphs 7.1.3.1.1 through 7.1.3.1.& for the Z Axis
of the TCA.

Perform Propella_.t Valve Proof Pre:x'_suz'e and Leakage per

paragraph 6.1 on the oxidizer valve.

FORM 608-B-38 ,NEW 6-6 3 .
/ n /;7 . ,/,,;,__,..___,_ -./, ,_/..,_

,8,, ¢...../ 7/

A

8

I

8

P



_OC_,_ __.'II" I )'_ _
A b,VISION OF NO_'r_ _i_,_A** AVIATION +NC

(

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST

MAC 52-52701-285.... _ Y 100// PART NO NAA 2____301-;:!
Ti{RUS'T CHAJ_F_ ASor,,tL - ....

M}I;H,tj_IC]J3 SHOCK ........ TEST NO 209_O1-_sOIET62 OF 105

?.1.3.1.8 Perform Propellant V_,ive E;lectrical Resista_ce per

paragraph 6.3 on the oxSdizer valve.

7.1.3.1.9 Perform Propellant Valve Dielectric Stren_th per

paragraph 6._ on the oxldizer valve.

7.1.3.1.10 Perfo1_ PropelL--nt V:Llve Functional per paragraph 6.5

on the oxidizer valve.

?ol.3.1.11 Hepeat paragraphz 7.I.3.1.7 through 7.1.2.1.10 on the

fuel propellant valve.

7.1.3.1.12 _ Perform Thrust Ch_iber Jh-oof Pressure and Leakage Test

per paragraph 6.2.

7.1.3.1.13 Perform Visual Inspection.

PREPARED BY: D/_/E

...,_C_<ED BY: DATE

FORM 608-B-38 NEW 6-63

R-15019-2

IAPPROVED FOR NAA:

:::=_: :=D==A_PROVED FORMcDONNELL: bArE
/

185



_ O C K-,_._l[Z T 2'13)L"_)dF",_IE_
A OlVt_Jo_ O_ _NT_ A_[_*CA_ Art&VIOl. *W*_¢

L.

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

52-#270!-285

{COMPONENT NAME THRUST CHAMBER ASSEI_LY - I00# PART NO. MAC
NAA 2C'79_--

N/LV,E OF TEST I,GCHAN!CAL SHOCK TEST NO.20-0-99--O-I-_VEET68 OFI-_

7.i.3.2 Test Data - TCA #!/_

7.1.3.2.1 Component Identification

Component lhme

EeDonnell PartNo.

TCA

_-%'2 7c,/-_#s"

Roeketd/ne Part No. 2 &_'_> #,

7.1.3.2.2

Component Serial No. _-_%';_

Shock Test (Reference Paragraph 7'1.3.1)

/:.%/ #.;-

_'bspitude l . _uration I

15 +I_5 g's 1 II +i.0 _illisecon_s 1

/ _ ÷X Axis .... |

..... ,_..:F_. .... ,_i,__ _

•#',% >,

Axis

_. I_..'51._

- ,,'<V)I A'tj'''

PREPARED BY OATdIPERFORUED BY

I.-, / : . -

E. Ada_-_ !i
FO:-:.M605-B-39 NEW

OATEI-Wn'NESSEOFOR NAA _. _TEICEF_T.IF_EO.FQ_ UcOO_;.'>_LLDATE
,v"/v ,, ,,",.-,.,' _ " _'_-!-6'/4- . •• I _: ./'.'//. 1_:_.,,,_.-,<<--.,.:<--""...._.

I ':_,_:," ,_ &.Z,,.6" 4., "_'" ....... -'T " -

. .- i#- ,_Zbi C/_" -, IvE.,F,EOBY USAF ; kN_ DAI,

186 !_-15019-2
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B

B
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8

B

l

D

B

1

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

r MAC 52-52701-285

COMPONENT NAME THRUST CIL4_>_,ZERASSEk,BLY - lOG// PART NO.INAA 209.3Oli-. :I

-401 69 105
NAME OF TEST__ k'ECHANICAL SHOCK TEST NQ 209301 SHEET__OF__

7.1.3.2.2

(cont 'd)
Shock Test (Reference Paragraph 7.i.3.1)

_[_gnitude I Duration15 +I_ g's , ii +_i.0 milliseconds

+Y Axis

_.Lc __,./__2
- Y Axis -Z

__._ l g". 2 (;- . L/, 5 . . _. _ &SL .... /__,S , O (77-
I .... ._,_9

-----/_..%.s2_.>U<:.__ - ___< s ,- _-"_" /_.A__2_U__._.

Inspection Remarks : @_.___c_.__C._;_' ."/_"

Magnitude Durat ion

15 +165 gis ii ±i.O milliseconds

+ Z Axis

_ _<
' -" s,<= ,_5_/ -_ S ,'_',<>'

/ I .-" .,'45-:

to(is

PREPARED BY DATE

E. Adam_

! PERFORMED BY DATE_

y.."/ "<._.,,, .>. .._:

FORM 608-B-39 NEW 6-63

n_l _nl q_o

@_ .i/<
CERT'IFIEDFpR ._.cOONIy_,L.DATE

z, z]. ,,___,_XY.r;.._l_-d "_ "" _.._i
YERIFIEO BY USAF '_._,q_'_-,.DATE

187



ROCKETDYNE DEVELOPMENT LABORATORY .

_BOCK TEST DATA SHEET

Pa_ / of
Lab Test No..T/$/_ 8 -/) - /

Accelerated _s_

H_draulic Fluid Level

a_ ,I _'O C__as measured down

from to_ of top cylinder.

_° i ii i i , i h, ,. i, i .., ,, -

i i i i i i i i

Op0eratlonal D_ta

Set Pressure ...... /_._- psi_

Firing Fress_zre .... _2,-.0 osi_
Brake Pressure ,, ..,J-o _sl_

Acc._umu/ator Press'ire _sl_

3J/_ ,.,_._""-hx_.us

©

I

I
I

I

I

I

I

I

I

!

I

!

I

I

I

I

I
,,,,,

188 R-15019-2

Form 600-V-69 New 3-64



_KETDYNE DEVELOPMENT LABORATORY

SBOCK TEST DATA SHEET

_i i , i ,

Meterinz P_. D_%__

Acceleration ZJ'_ -_" / 0 _ "
Acc. ,aveshape HA % P,-J/ Iv _

Aco. T_e ///_,_e$ _/_J/_i

Lab Test No. J-J_ _ _/2- /_..

• , , , ,, , ,,_ . , ,

Date ,-
_°_--_,i_- _,_ _ _/-_- d

• ,, , , • --

Part No. Serial No.

:_o2J_ / , .d.'o/_3_2- , ,
• Accelerated _s_

a. Specimen and fixture ._'J-._lbs.

b. Carriage _ _C.O ibs.

c. Internal Hyge .... 5C.J ibs.

Tot.', .... ./'_ ZTlbs,

Hydraulic Fluid Level

a. /5-D :_as measured down

from top of top cylinder.
b@ - " ...... L L " iii i i i

Dec$1eration Orifice Po_tion

O_.erational D_ta

Set Pressure _ /_ J- msi_

Firing Fr_ss_Are ._" _si_
Brs2e Pressure ,I_ _slz

Accuamulator Pressuxe _si_

(_lternate. Firln_

a. _ Contour eASe up

b. ...... /. Conto,Ar side .%';n

Vertical _S's/s_uare) _
Horizontal (_/squ_re) ;_ ' '"'
Accsleromet_r _ , '_e_j

C3-.'

I

.K LL_ - - "" ' "" ......." "

jJ_ _<i_"J _-x AXI3

B-15019-2

Form 600-V-69 New 3-64

189



A DIVIIIION or NO_V_ A_.4_m_ICAN AvrATION. *NO

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

MAC 52-52701- 287_COMPONENT NAME TIIRUST CHN_BF.R ASS_,;SLY - 100# PART NO. NAA..20_30_.

NAME OF TEST MI!_C_NICAL SHOCK TEST NO..2oq301.-s/_OE1ET 70 OF tC5

7.1.3.2.3. Propellant Valve Proof Pressure and Leakage test (reference

paragraph 6.1)

Proof Pressure

Oxidizer Valve

Pressu=v_ J_____ sig _ _Leakai_e

(500 +1oU) -"_oltage

T_?.e Duration ___'- ,.linut e s _,_)
(3 _n_,_)

Inlet Pressure /J_ psig _:.._

( 150 +1o)

(3)

(26 ±o.5)

Inlet Pressure

(500+1o_
--O t

Time Duration

(5 minimum)

Inspection R_marks :

minute sL.&..,

Leakage Rate _ O, / SOq He/,'._Ln

(2.23 maximum) 'A _"_.
t._ k .,

OATEi _E_FORMED BY / DATE IW,,_ES_D FOR NAA DATE IC_R!IF,_.DFOR I_cDONE._'I_,DATEIPREPARED BY

l -" _.'.,',_ _',Z/_".',_,_.?-_1 _ z"_'7 ' -- .. _/,__2_) _I-; _u'z,,_b'_zr,.".t ,...,. /_':_

FthDU _mA D ,_ • .... z" /'.
..... , wu-u-Sy ,_Lw _-O 3

190 _-15019-2
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

7.I.3.2._



A O*vtaiOl_ Ol l" _o_,'rl-_ _I_II£1111CAN AVeAT*OI_. eNP-- .

OESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

rMAC_2701-285 _
COMPONENT NAME THRUST CH,_.:BER ,_SS_-1BLY - I.PART NO'tNAA_301-

NAME OF TEST. _FFCH_}:ZCD.L SHOCK TEST N_)._OI.__ - SH_ETI_--_--OF ,v.,

7.1.3.2/5 Propell_ut Valve Dielectric Strength test (reference
paragraph 6.h.).

A to Ground

C to Grolmd

A .to C

Oxidizer Valve

.vo_-ca.._e_:7
Volts i';/

_+o

Current

Microanps.

500 _ax.

•Inspection Remarks

• ./:!_

•-- _. _ .u t_"

PREPARED BY _El p,.zmzn-,,-._n,,,cD/E_y / O,_TEt k_I'[NESS;J) FORNAA. I_TEtCER]FIr *- Dj:QR/--, ./ )JcuO,_,,cLL, _]E "

-I _ _ - / '('"'t{"_"-) '_"') !
s. _da_ I _/ - / - ,_ I 'D/+ ,,/ _ _- _17: W--',;-_ / ._-":s'/ /

I :77>/'_//_- ! " -_-J/-/.-<> It'/-I/.'.:;r w'.? /_> 1
FORM 608-B-39 NEW 6-63 'i

192 . ,R-15019--2
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A OIVleblON OIB No_'r_ _M_)IICAN AVIATION. INC

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

r MAC J2,#2701q85,

COMPONENT NAME " p ' ". ". S_._RT.Y - • ?OO:'/ PART NQ,,_,.NAA_OI... •

_,_', ',, l ul 7.3 105NAME OF TEST r ..... Ll,, ICAL SHC_K TEST NO. 200301_ SHeET__OF__

i

7.1 ...3.2.6
Propellant Valve Functional test (refenence paragraph-6.5)

Oxidizer Valve

Response Time

_mbient Temperature

(70 +_1o)
'L_nergizing Voltage

(26!o.5)
Inlet Pressure

(300 +10 for "pull-in',)

Openirq_ Time

(o.o21 _,,d._)
Inlet Pressure

(zero for "drop-out")

Closing Time

(o.075maxim_)

Low Voltage Operation

_mbient Temperature

(70 ±I0)

Inlet Pressure

(3OO _I0 _or "pull-in")

Opening Voltage

(16maximum)
Inlet Pressure

(zero for "drop-out")

_o F

/-j_. _.,_

/ ,

PREPAR_ BY

FORM 608-8-39 NEW 6-63

R--15019-P-

Voltage _. VDC (_,!,':i,_16s%imum).O _'4 "(>';

Inspection.Remarks _z' ,/5,//_--i[ {""-;' a_

"_'- "" "- _ ' I_ <_= -- ,,,L-bC_ v_/"

0A'_'ERFORMED/BY .-_DATE_WI_IESS".ZDFOR NAA I_TEICERTIFIEDfOR )a¢OO_I_L='>£}ATE
- ,,. i ,i ._, ,_ _l,_'v/.,.-'_-_',AD' . :

I ' - , i _I.',"J� I...Y<<"_(.__'".... ":_ IVER[_I[O,0¥ USA_ _..._-_i|_'_E

193
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lAB TFJT NO .....

PREPARED BY

PART

100

FACILITY PHONE

TYPIC OF _T

POST MECHAI_ICAL SHOCK

DATE

|
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I

I

I
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I

I

I

I
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A O*V**L*ON or NOMT_-_ A*.alC_tCa_l AVIATIOki. ;NO

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

FMAC 52-527O7- 285

COMPONENT NAME T}mUST CF_U.IB,_r_ _',SS_._LY - .100# _ PART NO. t NAA__20930_!--

NAME OF TEST. MFJCIIANICAL SHOCK TEST ND.2_OO201- SHEET 71LO g 105

7.I.3.2.7

P'-.,_oo f Pressure

Propell_nt Valve Proof Pressure and Leakage test (reference

paragraph 6. I )

_uel Valve

_,.-_/._:.,..
.1_4"#Y

,_ 1_.--_O pslg <''2_, ,, Leakage

_:,_tnutes_-.-_., Inlet Pressure

_ -

•(3) - (a. 2) _a.,d=_)

T_e Duration 0 _-_

(3 minimum)

inlet Pressure _ /_--0

(_o ±_o)

Inspection Remarz, s:

........ ,___:_ !:_

|

I!'
Ig..
...._ ..........

.._,.... ,

PREPARED BY OAT_I PERFORMED" BY. OATEI WIT_ESSZ_" FOR NAA DATE

/ I } -3 ,t _ _ I_-,_.,_,# .
"- l-l,_,,-,_'?,;,Y_'_ I__-.,_)rf..>.

E. _ I / /_ I_ ""_"" "'-J

FORMgO8'B-39NEWG63

(..._./...,'-:
S -'utnute_ ....

#_,.._-:;!-X

CERT;FIEDFQR McDON_,EtLL _,TE

- _ C,'>j_,_. _.'_ ,_-.//,,...__i_....,,,_I

195
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A DtvJutO*_ OP NO_T_ A_.41C_ICAN AVIA_O_ a_'_

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM.

' , I'MAC .52-52701- 235
COMPONENT NAME T:-LRUST CIL_..'B,'=L_ASS_:BLY - PART NO.tNAA " 209301[:

NAMI_ OF TEST .... TEST NO. 20?)O1-s T C=__'c"

i.

7.1.3.2.8 ' Fropellant Valve Electrical Resistance Test (Reference

paragraph 6.3)

•_v_iro_mental Tex._erature

P_sistance A -B

Fuel Valve

E. Adams

_,(:::) o (70 +tg\F) '

.2tj

/ :'2 1
___., o_s (7,ceeptable per

Figure 9, yes or no ':,_::':).

,\ _'.'-"_

\;

ohms

Resistance

Fuel Valve

C - D

A_i_/ . .::L::-%

_spection Red.arks

/.

E

f:

_i iii



DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEJVI

'No.(MAC--'_2-52't01- 285 _COMPONENT NAME 3_'.'_r'_USTC}I,_:_FA /'.SSE:3I:Y - i . PART NAA- 20930!-- ;-

NAME OF TEST• HF;CHA}_ICAL SHOCK TEST Nkg..__Q"_3Q_I._- SH_EOE1T7__6OF 10__.5

propellc4nt Valve Dielectric Strength test (reference

para_raph 6.&.)

A. to Ground

'7.1.3.2.9

C to Crotmd

AtoC

Fuel Valve

Voltage
Volts

5oo _%0

":: 5©o

_ ,:pc...,,O

Current

l._ic_'o_)ps

500 max.
J._

• i: -7 i;.

Inspection Remarks

....... . .-. _ , , * ._,,, ,

.i.,t "_*_. ,,

PREPARED BY O_TEIPERFORUED BY ,'D_TEI'.',ff_4ESSF-D FOR NAA C_YEICERTIFI.--D F..ORMcDOI'J_ZLU;D._rE]
: ,' / _ / zz. ,f._/(,4-c_/_ -...LY

I " . / _,-- |'_orltliX/f_i_,_/i4 '+4,U_ Ivi.alFIF_.0S'i'USAF ",_--, ,,07_,'(£1'
E. _a.am_ I L. -/_ ,- //- " Y ',,Z.._, , . ...,4 _, -I' ,; .':U_..( _'J_;'//-|

I ".-">/-> l,"c--_ .....I .J_/"_;-c' I< /I' .... : + "/__l •
FORM 6o8-B-39 NEW 6-63 ..

• R-15019-2 ..197
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST.

7.1.3.2.1,O

. *

*

)1

Propellant Valve Functional test (reference paragraph 6.5)

Response Time

Ambient Temperature

(70 ±I0)
Energizing Voltage

(26_-+0.5)
_let Pressure

(3oo ±Io for ,,pu.U.-im,,)
Opening Time

(o.021___)
Inlet Pressure

(zero for "drop-out").

Closing Time

(o.o75 =_c_m_)

Low Voltage Operation

kmblent Temperature

(7o _+_o)
Inlet Pressure

(3OO-±10_or "pull-:_")
(_penin@ •Voltage

(I6 =zxi_um)
Inlet Pressure

(zero for drop-out")

Closing Voltage

(1.0 minim,_)

Inspection Remarks IAg//,.=--

Fuel Valve

• . d._:%\

• • :,,:_.
_seconds fi___ _:.,

i it• R

I ,>",.z,;l:,_-'D [_>Ft#./,

<i

i

I

I--°_
[:,

•21)

i
i:i_!
I

1

1

I
t

1
I



DEVELOPMENT LABORATORY TEST REPORT
OF

PRKPARED BY EWR NO. FACILITY PHONI_ DATE

F. Pope 735814 DEV. LAB. 2061 3-31-65

pA.'r I .A.'r.o. 209301 TvP_oF ",u'r "

__O;-_,_.:T__,(IMiZ,IA-_._/N 4066382 POST _._,CHANICAL SHOCK, .

// / /
Ii

IIi
I!

!

De

!
I

I
I

I
I

I

I

I

I

I

AT t,NQ,NO

CmR!_{T TRIC_

V_t c_l = _O n

Ac bua L = .O] 5g laec.

FU_L TALTE

I .7'- ""-1--_ I I I

, . . ._.M_'- '_ • .... ._ ' .... :_LT --'_

I|
,. _.i,_ • ..... :_j

_.<: --

% .... _--u, i .... /

Ho:."iz )nt 3_1 = 20 m_/cra

Ve._tica] = 203 _#/¢

i :_: - : .... _::-i

•,R-15019-2

"F'on,, 6r_-.-6v ° t
qew ]0-0%
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A DIVII_ilON OR NORTH Ak4EI_II_AN A_IA_I()N :NO

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

THRUST CHAEBER ASSK,,_LY - iOO# PART NO.{ NAA 209301-
COMPONENT NAME MAC 52-52701-285

MECHANICAL SHOCK 40_E ET 78 OF 105NAME OF TEST TEST NO 209301- . __ __

?$1,3 ,,'2,,11 T_b_V_us____C__hh'_mberProoJ__!_:_sure and Lc_akaqe Te___

(Reference Paragraph 6.21

Proof Pressure

Pressure

(392 +10)

Time Duration

(3 +.25)
-- O

Voltage (12 ±2)

Inspection Remrks:

Ist Application

•_ _ minu_cs
' __.4 _,
_'. _,.

-: _._! -

2nd Application

_L _, psig
_--- "----'_ N b\

., 4 _I

•_ "_,_;,
_,'<.-::!:?c'

O mi_I.es

/_ v_c

c%_'.i

PREPARED BY DATEi4fErF_FORMED .,BY O_TEIv_;T_EDFOR NAA D,ATE]CERTIFED ' FOR McDONNEt_ DATE

_. , _,, , . . .'_ 4,' ? /)_ .- ' "/ ! %
,v;_-,UVL)-D-3_, r'_t..WO"-_..i

200 R-15019-2
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Jl_ OIVl_lOhl OF" NORTh., _ AMERICAN AVIATION. INC.

INTFRNAL LETTER

North Am:rican Aviation, Inc.

TO Those Concerned

Address

DATE 5 _Y 1965

FRC_ -Gemini DAT Unit

Address D/896-388

SUBJECT

R_FFRENCE

Rerun of Mechanical Shock Te_t for i00 Ib Gemini TCA,

P/N 209301, S/N hO66382, per DAT Specification 209301-401

OFR and FAR 12851R

It is mutually aFreed between McDonnell and Rocketdyne

to rerun the mechanical shock test on subject TCA. The

OFR action on the oxidizer propellant valve has brought
it within aceeotable limits.

Prior to the mechanical shock test, the orooellant valve

functional test (r_f_rence oara=rach 6.5) will be run on

both nrorellant valves to insure thnt the valves are within

OAT specification limits. If the closing responae times
exceed the limit of .075 seconJs with the diode (SR hlT)

in the e!ectrical setuo it will be considered a failure

only if the closin_ response exceeds .005 seconds without

the diode.

Aporoved ; t c._

Supe rvis or
Cemir_i DAT Unit

S. Scott

FuiO Engineering

R. A. Cole

Gemini DAT Unit



:iI-'4Z.O C _l_ _ "jkr" ]:C_'IkF _ _
IL 5388-6189

5 May 1965
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

MAC _52-_62701 __._COMPONENT NAME __ ,- 1OO# _ PART NO, NAA _..__01
I

1,01 " 10 _NAME OF TEST. M]_IIANICAL SHOCK TEST NO 2.q_3OI____-SHEET__OFJ "_

?.1._:2.6
Propellant Valve Functional test (reference paragraph 6.5)

Response Time

Ambient Temperature

(70+1o)
Energizing Voltage

(26 +0..5)
Inlet Pressure

(30o +1o for "puLt-kn.)
Opening Time

(0.021 max_num)
Inlet Pressure

(zero for "drop-out")

Closing Time

(o.o75_amu_)

Low Voltage Operation

_ibient Temp e_'a%ure

(70 +10)
Inlet Pressure

(300 +I0 for "pull-:L,a")
Opening Voltage

(16 maximum)
Inlet Pressure

(zero for "drop-out" )

Closing Voltage

(I.omin_,um)

"Inspection Remarks , ":'

Oxidizer Valve

TO"F

.... - _ _':->W"-'<h:':I.

Z

! ;
I

1

J

PRFPARED BY OA_EIPF_RFOR_ED BY OATEIWffNESSED F ORNAA D_TEfCERTIFIEO FOR _cOON'Et_k, DAT--_

• "/ , . _ • , /"//- ", ",a_._ f. > --"

[//'_'_ /{Z:"'" 3- . 1 : ,"j ' x!- ,X ,:i"-) IV£mFED BY US.AF " - / O_T£1

/ , " --" . C.-" - I . ,-/.:- • .7-> It -I- . " "_" /I ,' \ / //,' I
I ' , -:" . __ .I_.., __" _ : 7.. I L.,C!,"L h. -__ _ " _ -

FORM 608-B-39 NEW 6-63 . i / - .

202 "" " . R-15019-_2
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DEVELOPMENT LABORATORY TEST REPORT
, OF

I
!

I

I

le

I

I

I

I

I

I

I

I
I

I

I

PREPARED BY I [WR NO. FACILITY I PHONs' DATE

F.Pope I 735814 DEV. LAB I 2061 5-7-65

"A'= I PA_,.o. 209301

iOO# O_V_ TCA(Unit IA)I S/N 4066382"

TYPE OF TUT

FRE-NEC]L_NICAL SHOCK (RERUN)

_-_5o_9-2



A I_tVIQ_,ON OW INOM"rH A_,41mtCA N AVIATJO¢'_, tNC

5 _a._, z265

DESIGN APPROVAL. TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME THRUST CHAMBE,q AS3F).23LY - ,

NAME OF TEST I@_C;qAI_ICAL SHOCK

52-52701- 285CMAC

PART NO.tNAA ,20_07-

TEST NO. 2_301-sH_OFIT__OF 105
:............ ii ....

7.I.3.2.10 Propellant Valve Functional test (reference paragraph 6.5)

Fuel Valve

PREPAR -F.O BY OATE,

E..t¢] az_

FORM608-B.39'NEW"
i

2Oil

Response Time

&mbient Temperature 9_ _ _" ';_
_ , F _.A_c ;

(7o+I o) ._;_,_
_ergizir_ Voltage _ _._._,.._2_ _)C .._<.:.,

(26 _+0.5)

Inlet Pressure _ .-:"'_-.-:" psig

(300 +10 for "pull-in")

opcn_ Z_e _C.0/_ seconds
(o.o21 _,.,d._,_)
Inlet Pressure SC...--!/C't_' PS_g

(zero for "drop-out")

Closing Time

(o.o75max_)

-':.I.

• ,'._ )
%.,.

.'q "-, C'. :, -': 7-- o. _ ,.i:_,/c?,,'::":- -"
C./.. u. C?L. seconds ,,_ _ .,-, . ,' _ ' _":::." r,_/'

Low Voltage Operation ,_.,.

Ambient Temperature /L _;_ F __2-_:"

(7o +_o) _ .:'
"C2 ,"'.... " ....Inlet Pressure --_" psi& "',, , k°,'?_.

(300 +I 0 for "pull-ln") , .,..,.

(16 _m_) ,
-._..-- ,_ ,._

Ir_.et Pressure , _,_C:' pS£g '_) -.:::.,!:',
(zero for drop-out")

Closing Voltage , /.. / VDO . '-.i,; •

(_.o_,_,=) ' ' ,f

Inspection Remarks #/4._'4_ _4- -" "7.--(L:"/_,_" _.-' cC _-C'"F-. . ,..,,,-_ _,

PERFORMEDBY OATE:IWm_F.SSF_FC_NA_::- I_T_:JCEFp'_F,E9 FOR_4cOOr_gULDATE:I

.. "- "< /_h_" 1L, - "; ::"....... 1' " """"-./_-IC...//l,,'"l / I
_'63 ' ' _

R-15019-2
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DEVELOPMENT LABORATORY TEST REPORT
PAO r OF__

PANT

00# OA_ TCAIUnit _.I

lAB "rlUIT NO. , ,

_EV.Lab _061 I -__
PANT.o 209301 I TY o, T.T

4066382 I"

I

I

I

I

l

I
I

I

I



DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST__

5_-527_--_ 5
f'MAC

THRUST C}{AMBER ASSEI_LY - IO0// PART NO .... 209301

YZC}iANICAL S}IOCK TEST NO.2_-_Q-92Q1-- SHEE T_ OF I--Q-'5-

7.1.3.2 _st Data - TCA #_ ._

7.1.3.2.1 Component Identification

Component Name TCA

McDonnell Part No. ..... - "- _ "-; ..... 2 -4:7.5,-

Rocketdyne Part, No, .,.;<, Ec/ '3 C / _

. , _ 4 W, ;3 c _.P._,Component Serial l_o ,4z " _ "_

7.1,3.2.2 Shock Test (Reference Paragraph 7.1.3.1)

-- V_gn_itude Duration

15 +1.5 g's 11 +I.0 milliseconds
O

+X Axis

/..5-

/
} x

/ ----.:)

/U,S

--X

• <./_,_Y
C-,

./p. l

IC, 9"
, ,,.,, z _-

@
©

,f't'T=

(U(;

.-:"i .

PREPARF_.D BY _ERFDRMED BY

I-._ .(,_ .... :
E. Adalr_ I.{-11 _. ,)

I_.__..-

_6-63

' I .....F+_/',":--"_-- @
[/" _,"-// ,S-:w

206

CERTIFIED FOR McDON_'_E

l __-/" _'_-

./:, / _,:_...
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B
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D

D

B
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g
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U

g
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST
I

7.1.3.2.2

•(cont 'd)

Magnitude

15 _+i_ g,s
J

+Y

/<_

-Y

j <j'
__y '-f

THRUST C}£A/,_ERASSEI_LY - i00//

MECHANICAL SHOCK

I P

°MAC 52-52701-285

PART NO.t NAA

TEST _i l _U']jUA SHEET___OF_

Shock Test (Reference Paragraph 7.1.3.1)

Duration MagnituSe

ii ±i.0 milliseconds 15 _+185 g's

Axis

// . ':_
.",;%> ,// r..;_l

, _,L=_

/ _ -,9" '<_z;

Axis

Inspection Remarks I

,, I

Durat ion

ii ±i.0 milliseconds

+ Z Axis

-Z /_is

_; Z-_, 7
i

/ "_:,.7

. .//. ;__ _m3
'.T "%

// _ ....,¢..._- ,...y

//, 2-... , ,.-

/,Yl" Z"s_ <

7_,C '

t'-- .' _ ..... <sl.

..... // ',__,:.'.,
i:

t." _#

...._ m,A, ,, , i

k_.eN

C .....

'PREPARED BY' ' DATE

E. Adams

, ,i

FORM 608-B-39 NEW 6-63

R-i5o19-2

PERFORMED BY

_Z/.,At<:-_<_.,.-
.....,..

j_- //,- 60

DATE

'*,'r.E_EDFOR._.' _E,. <.,-',/7%
,C.il- (- 5,

' ' , - ,_1| \

CERTIFIED FOR MEDONNEI.__'_<P_T
,, c-,,e / z z.:-,o i_/ _."
S .9<,"C77 -_ -/,/- _-g--

VE'RIFIE6 BY USAF ;_-'i,..'", D_T

, • / . / i #. o

207



SHOCKT_T DATASHEET

Page / of J_
Lab Test No._-/'-_ ." "-/> - J:-- I

_..._ Y D: ..//,?

f p ,,TC/_ I,.,

_ _eterinz Pin Data

Hyge Unit /f_'.l[...l
Acceleration 1_[__ _'-

Acc. Waveshepe HALf- os_/_
Acc. Time ..//._,//,,': A"6 -t. - l./_ .f :_ t,..,

No.
Z_J',¢/',/

Part No.
_ o_Jt/

Fa_inty Date
• :__:_t _'"//,..

Serial No,
_ :/:J:_ .......

Accelerated _ss

a. Specimen and fixt'ur_

b. Carriage

e. Internal Hyge
Total

I ¢SZDlbs_
BC.O ib_

5C.0 ibs.

_U_ ibs.

Hydrau_$@ ."_lui_Level

__ as measured do',,rncylinder.,

i | , •

Doceleration Orifice Position

_e _ /

b. J
Contour side up

Contour side .Jc,_rn

Calibration

Vertical (_'s/square) J

Horizontal (ZS/squ_re)
Accelerozeter J/,_l ? _ ._
v" ;'...' .',; ...',....:.-'.47-"/'_ - ,,,I-_ "-'.,7 ,_"'I"

Onerat_on_ Data

Set Fressare

F_ring Fr_ss,_e _
Brake Pressure

Acc,_ _tor _ress'_e

(Altermat • FiringS__

_- _ _s.i_-

• "_%' J t " "

[- < :# '
• =" b_

J J/: : _"_ -+x ;_.us

J S A c ely _ -/- Z AXlS _7:_4 , c/r• +z Arts

|

|
|

I

|
!

i

i

!

i

!

I

i

I

i
I

i

208
R,-45o_9-2

Form 600-V-69 New 3-64
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i
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Be
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i

I

I

l
I
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I

I

I

ROCKETDYNE DEVELOPMENT LABOKATORY
SNDCK TEST DATA SHEET

-1_'e_'e_I7,. _ _ No._ . _/,': Z__,?_'/?
Part Part No.

_ )-_ loo _ _<)'SOl ,
Meterinz Pin Data

I,ab Test No.,_'-<," " -.... ,. ,, -- " i ,

ityso Unit ,-,;,_"_ /
Acceleration /_..C _'--/- 2_ _ "_
Acc. Waveshape I-/_ Z._," - _ /,¢//.:
Ace. Time //l...t, JF _" _ " I,_4.,[Eg, •

Facility

Serial No.

_?_r_
Accelerat_ _ss

Date
w--I/- C_

i,

a. Specimen and fixtur_ ,_ _q_bs.

b' Carriage _C.O ibs.

c. Internal Hyge_ . 5_,0 ibs,

Total :- ..Z_#,1- Ibs.

H_r_,$_, Flui_ Level

a. I/ e _s as =oaeur,de.o.,m
from top of top cylinder,

b@ ....

it| |,J

Deceleration Orifice P_sltion

ae _"

b., (,/
Contour side up
Conto,Ar side .._c',,m

_alibratlon

Vertical {S's/squ_re)

_Horizontal ( /squ_re,

Ouera$$oza_.Data

Set Pressare .
Firing Press,Are ... "'
Brake Pressure

' .A_'_stor Press'_e , p_ig

/-

i.

%,,li _,

..2 0 pslz

2J" usiz

R-15019-2

Form 600-V-69 New 3-64
209



A I_IIVI|ION OF NORTH AM|IIHIICAN AVIATION INC

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

(MAC __2-,52,701- 285COMPONENT NAME THRUST CI!AJ[BFJZ ASSF,'.IBLY - 100# -PART NO. NAA 20_..301.

o¢,,_,,,. A*.--..-,.,,-IO1 .70 tC'5MECHANICAL SHOCK
NAME OF' TEST. lEST I'¢'0...vv__,JJ-bHr_r-.__ur__

7.1.3.2.3 Propellant Valve Proof Pressure and Leakage test (reference

paragraph 6. I)

Proof Press _ur.e

Presstw¢. - -'5.."_C'D

(_ +'ou)

Time Duration -3
al

(3 m_azum)

Inlet Pressure /,'J_O

(150 +1o) 1

Number of Cycles _

(3)

Oxidizer Valve

psi_ _,_

mlnut es _

ps_

#i@

' Leak_af_

Voltage (26 +O.5)

Inlet Pressure

(5oo!_oo)

Time Duration

'(5 mln_um)

Leakage Rate

(2.23 _8.x._,_)

,, _'o minut es_i:_.

< O, /sec He/r_

Inspection Remarks:

,,|

DATE I PERFORMED BYPREPARED BY

E. Adams

_B-39 n[W 6-63

210

I _, -,,_,_ _.,1 _:_
|. ,J .- .. _).. _:-_- _.-,/.._.._,;'-.:

_"-/,_-z'. ":--

R-15019-2
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DESIGN APPROVAL TEST OF COMPONEN'._
%

. FOR THE ORBIT ATTITUDE ANO MANEUVER SYSTEM

MAC 52____.-..52701-285COMPONENT NAME TI-IRUST C}{A}.£31r_ASSI'_[BL%._- 1OG'_.._._ PART NO. NAA__2,_O':'Z_Q_L--

c/_O1NAME OF TEST_C2G.,___Y_::_ TEST NO.2L"F:)201- ..,HEET 1.7_L..OF1__C,5

7.1.3.2._ Propell&nt Valve Electrical "Resist.ance Test (reference
• : paragraph 6.3)

Environmental Temperature

A-BResistance

Oxidizer Valve

Resistance

11

,7_,o (70 +lo F) '_-_'_-..::4.
,:,<:

_.:.,;.,
_,%',:.j' ,4

Z ":::7"
__.ohms (Acceptable per '

l_i_u_a9, yes or no _)

C-D

(1.o ,_a_=)

Oxidiz er Valve

Inspection Remarks %'_/_ !_

m . -- . _ . m ........ m. -

_ _ _ _ _ __

I

cl--'-/.-"_-'-"_ :_- ! ,:"/ /_.-,---L._: tT-'.c:-_/_. £_-<:._v- _'--/._-[

- , ,f.,., _ ...... - .... , ' _: ........
I

PREPAREDBY

_'OR_ 608-B-39 NEW 6-63

R,--15 019-2 • 211
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72
A Iotvio40_ ow No_v_.4 A_M¢CA_,Wm AVIA'_'*O'_wm.i_C

, . ,, -- , _

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME: OF TEST

THRUST CHA].IB_ ASSP.._,LY -

)T]_HAN ICAL SHOCK

N-rMAC 52-5_vo_-28s _
PART'o.tNAAi.o_)ol)_'! 1
TEST r,.xD,._ SHEET72 OF" 105

7.1.3.2.5 Propellant Valve Dielectric Strength test (reference

paragraph 6.h,).

....A,to Groined

C to, Ground

At6C

Oxidizer Valve

.Voltage
Volts

L50°go

.3 00

.) oo

Current

!licroamps

500 max.

,, , .. ,

-_:7 0
A o '5@

•Inspection Remarks

. _ ,, ,,

IPREPARED BY OATEIPERFORMED BY DATE WITNESSED FOR NAA BATEICERTIFIEDFOR McDONNELL. DATE

_" /._" _ .,-.t_ ._,,:.- I . - J' ,# / .'_ .!...,.-';,-'>',-:-":- I ,. t,:_:_... :-:.' -
FORM 6o8-_-39 NEw 6-6%

1:1,--15019-2
212 . ..

F!

L#

F_

t

B

B

B

B

1

B

it

B
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A DlVlltO_ O_ _O_T_ A_4_EI_ICAN AV*ATION. O"IC

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

r MAC j__-5 2701 _.S_
COMPONENT NAME _22._]_L__.____LQI_L_ PART NO.t NAACp..01-, ; '

NAME OF TEST, M>_CHANICAL S!-IOCE TEST r,Lq_2_(__Q.L- AO1 _-aSHEET_ o_"lo5

%1.3.2.5
Pyope_t Valve Functional test (reference paragraph 6._)

Ozidlzer Valve

Response Time

Ambient Tenkoerature

(7o __:lo)
Energizing Voltage

(26 -[-0.._ )
Inlet Pressure

(3OO _+I0 for "puli-in _)

Opening Time

(o.o21 _j_)
Inlet Pressure

(zero for "drop-out" )

Closing Time

(o.o75maxim_)

;._ %'-

-':, . '(.t.U;

fc.,

.Z4: _ o._ psig vJ

Low Voltage Operation

Ambient Temperature

(7o +lo)
Inlet Pressure

(3oo _+_0 for "pull-in.)
Opening Voltage
(16maximum)
Inlet Pressure

(zero for "drop-out" )

Closing Voltage

(1.0 minimum)

Inspection Remarks

._. /_"
_ :K ' "_ ,..

7 _° _, _,,-.,"
e,.. .

:/l, 7 = ©
. .g

,],..

["_ /:_ ',:,:.:,,' . ,,,

PREPARED BY OATEIPERFORMEO BY 0_TEIWITNF._EO FOR NA_ i:_TEICERTIFIEO FOR McDONt,;.ELI. " _'rE

I_"-"_'"+-_'_-'Y-"I ,,x;/',.._'_ _-_;I "_'"_<°_ _ --.-<-e,-
I .-.,7_ /i._- I_ " • . "/ . IVEmFIF_BYUSAF , , r._TFE. Adams ! .4_ !, . • . . - i .... g":" V '
I" I .__-i._ -/.:.s---- 1( _ . .'."4, _-: " l
,i i ...... - ....... i - -- ' " ....

FORM 608-B-39 NEW 6-63
%

R-15019-2 213
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DEVELOPMENT LABORATORY TEST REPORT
PAGIr

LAB TIrJIT NO.

OP

|

!
PNEPAR[O IIY

F. Pope
PA_

OAMS TCA Unit

,.o,L,,Y I,.oN.Io,,,
JDEV. LAB. I 06 I -

TYPE OF TEET

POST MECI{ANICAL" SHOCK





A C;,V*I*ON OW NO*_TI-_ m_q[eltC:A_l &VtA?*O_.d. eNG

7_

T,._

_D

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME THRUST CIIAT_E_ ASSE _BLI" -

MECHARICAL SilOCK
NAME OF TEST.

..... . I ' ......... ii

7,I .3.2.8

P_T Na{ Mac- 52-52701- 285NAA 209301-; ....

hO, 75 t0_
TEST N_ _-$HEET_OF__.

Propellant Valve E_ectrical Resistance Test (Reference
paragraph 6.3)

Envlronmental Temperature _C5_ [(70 _10 F) _ __'_\

Resistance A -B ,_ 17

T

Fuel Valve

Resistance C - D

(1.o=_d_u_)
_

•Fuel Valve ___O,O'[ ohms

_spection R_rk8 _ /I. > ,'/---- ,. i',

O _-".c.[- •

_o_ (Acceptable per

Figure % yes or no___);

i

- " ,, , t ], , t .....
'--- J , , , , L_____

' ' 1 , I , , ,J

i _ ' i ,, I,,L, J , i

, ,r, ,I_ J L_'

I I, II I ' I I I±| I ,I , , , ....

_ ! .5/_,_/_:-'- 1 _.:'?-: _._ . ..!_sv-,..,._-./ - _,',_
FORM 608[B..39 NEW 6-6 3 t

216 r_15o19-2

I,TM.

; ;6

j

F,

g

tl

F



\

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

rMAC,:52-5.2701-28_
COMPONENT NAME ,_','._Y - PART NO.t NAA 2__I:. ;

2 ,o_ L01NAME OF TEST. I'D_i{ANICALSHOCK TEST NO.__ SHEET?6 OF 105

7.1.3.2.9 , Propellant Valve Dielectric Strength test (reference
parazraph 6°_.)

Fuel Valve

Voltage
VoltS

5oo+.i<>o

C_rent

Microamps
500 m_%x.

A.to Ground ,O-_C.d) z/._

.i',.

#' .

Inspection t_nal:ks

J/et41_z_-X- Q ; •

f , , • , , , J, ,LJ' I

'" ' "_" L

__.:

OATeIPERFOR_EOiBY OAT_IWiTNES_F_OFO,_NAA I:mTEICER#;FI60FpR _OO!_-L;i_.._rE1
I _ ./--.-t" _ I ._ "�ill. _: D /-;Y _ I

f...

• -_.1 _.. __ - .<_-_t-__ .-- ,,'J ,IT" "``.,+,'. _.'._: _" .'__ _>7--,-- ,-- I _.'e<-

/-"/_"4;< ] c-,_-_m- !"""-"-_./:/: 1 _ '":" 1
. ,.- . -- _ ..... , , ,, J ,, _ " . . ,I/ • , _ "+ __

PREPARED BY

E. Adams

FORM 608"-B-39NEW 6-6_

u

2].7

1 ..........

i



A OIVI0aON O_" p,domY_,,i A0.*tn0(:Ae, j AVIATION. tN(_

")7

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST

7.1.3.2.10

} ; •

t

THRUST CH_:BF/_ ASS_,_LY -

IC_CHANICAL SHOCK

• Na _MAC 52-52701- 285t.AA "
TEST NO._-sH_OFIT 77 OFI05

Propellant Valve Functional test (reference p_a_raph 6.5)

: %

°

Response Time

Ambient Temperature

(7o +; o)
Energizing Voltage

(26 _+o._)
Inlet Pressure

(3oo +io _or ,pu.U.-in.)
Opening Time

(o.o21 ,_,_u=)
Inlet Pressure

(zero for "drop-out")

Closing Time

(o.075z_xlm_)

Ambient T_mperature

(70±I0)
Inlet Pressure

(300ti0 for "pull-ln")

_ening Voltage

(16_=)
Inlet Pressure

(zero for drop-out")

Closing Voltage

(I.o ,__,,im,=)

Inspection Remarks

Z-//_,/ _-g

Fuel Valve

PREPA,qED BY GATE I PERFORI_F..D BY OATFiWrI'NESGF.D FOR NAA /_ATE

• lCh c//_ :. /t I _.C /-/_., I<_3

E. A_ams I _/-- I _ - U " I--
i

FOR_ 608-B-39 NEW 6,-63 ... . ,.....
%. - •

• • ., . • ,

218

• • t-. _1 . "" "t

.. " . . , .

CERTIF{ED FOR 14cOON_,T.LL DATEI
:_._.-,i__"_ hy "- I

._• b ,:.< :,"-f -, "t>> <'--, I,
V _mFl-----'_ _-'_TO'$A'F'. ..... I;;_Y_",

:->,-rf /L/?., .- " ,

R-15019-2

• . . ,

:,':.,

L

"L;

Y
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0
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I_OC_ _T__ _
A OlVlm_ON OI- NOrTh4 A_m[_ICA_ AV_AT00_ ;_C

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

r MAC 52-52701-285
COMPONENT NAME THRUST CHAMBER ASS}_,_I_ _ ZOO# PART NO._ --_

L NAA ---I " I "--
I_CHANICAL SilOCK NO 209301-4sOH]EET78 OF 105NAME OF TEST TEST __ ___

}7ol _3.2s11

(Reference Paragraph 6.21

Proof Pressure

Pressure

(392 +i0)

Time Duration

(3 +.25)
-- O

Voltage (12 i2)

Inspection Remarks:

1st Application /:_ Application

,.:

minute_..:. b minutes

4'//

f'.\" .

'' ,, I i i i 1 J ii i i

PREPARED BY DATE]PERFORMED BY {:kaTE_CERTIFIED FOR DO =_=:;:===., / I i _/" -" :-'..'i I/__ "_ // -" "; M£__NNEC_.,_TE

FORM 60 -B-39 NEW 6-63

_-_5o_9-2



RO C]_gL E'_ ]t_JP_rl_g E

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

52-52701-285

MACCOMI:_ONENT NAME .._JJ.]_L$.___ PART NO. NAA 2Q°301

., 01
NAME OF TEST. LAT LUTY CYCLE TO GUAP_hTEED LIFE TEST NO._S_'EET_7OOF./DS_

Reference:

7.1.4

7.1.4.1

7ol .4ol .I

7.1.4.1.2

7.1.4.1.2.1

7.1.4.1.2.2

7.1.4.1.3

7.1.4.1.4

7.1.4.1.5

7.1.4.1.6

I<AC SOD _2-521vl, Revision H, paragraph 6.3.1.3.2.2

DAT Duty Cycle to Guaranteed Life - T_% #!_

Test _h'oce_ure

Perform Cepe Cycle Firirg Test per paragraph 6.7.

Perform the DAT Duty Cycle Firing Test per naragraph 6.7,
and Table iI with propellant teznerature of" 160 ÷10 ° F and a

TCA enviror_ental temperature of 200_+10 ° F.

NOTE____:Prior to the start of the _[_C the throat skin

tezceratures will be held at 200 +10 ° F for at

least sixty minutes.

_:e T_ s?_ll demonstrate specification performanceto

557 seconds and operate to 757 seconds without catastrophic

failure. Catastropi_ic failure is defined in Table ll,Note 4.

Following the termination at the f!r_ng, the YCA shall be
cmaintained at altitude conditio!_s d_:ring the _onKout period.

Monitor and record te_peratL_re everytwo minutes durir_

soakout pe_riod.

£erform decentam!mtion per paragraph 6.8.

Record post condition of TCA using a borescope.

_° 2 _h _Perform ,e_b v Zetermination per paragraph 6.6.

Reduce data per £_0220-444.

PREPARED BY:

R.Oole

DATE

CHECKED. 87 " ' DATE

�.Iv"!)I'::........-'"
FORM 608ZB-38 NEW 6-63

APPROVED/_/_L//q,_...E_(._FOR _NAA: _'°'_/(__IDATE I _/_..PROVEO FOR McDONNELL:.,h, " DAT_

,I_-15019-2 221



& ODVI_ION O _r NO_"lr_r,,( AM[_,ICAN AVIATtON, IN(_

_4

DESIGN APPROVAL TEST OF COMPONENTS
FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME THRUST C}6M,_ER ASSEI_LY - 1CO_/

NAME OF TEST,, DAT _tY?y Cv0LE TO OUAP_UTEED LIFE

MAC 52-52701-285

PART NO.{ 209.301N_ ,

n /01 _TEST NO 2_3Q1_- S_EET _0OF 10__0_5_

7.1_4.1.6.1

7.1.4.1.6.1.1

7.1.4.1.6.1.1.1

7.1.4.1.6.1.1.2

7.1.4.1.6.1.1.3

7.1.4.1.6.1.1.4

7.1.4.2.6.1.2

7.1.4.1.6.1.3

7.1.4.1.6.1.4

The results of sigr.,ificant data shall include but not be

l_.v.ited to the following:

Graphical presentation of temperature versus time for all

TCA the_ocouple locations.

The average temperature shall "ca used only when 500 F is not

exceeded by the T_&.

Each individual tenpe_a_uze'_- shall he piotted _a._zLg__'_ at the

elapsed time when 5OQ: F is first exceeded.

In addition to the average temperature each individual

temperature shall he presented at the end of the minim_

duration time period.

Dotted lines shall t_ used after YCA cutoff.

Graphical presentation of thrust versus time.

Oraphical presentation of oxidizer flowrate versus time.

Graphical presentation of fuel fiowrate versus time.

PREPARED BY: DATE I

IR.Oole

"C'H'ECKED BY.(, . DATE

FORM 608-B_38 NEW 6-63

APPROVED FOR NAA:
t

• DATE IAPPROVED FOR McDONNELL:

I
DATE

R-15019-2



1tO C I_[ E T D Y 1"_ E
& DIVIIelON OP" _OI"IT_'e A_IIMICAN i_VlA'tlON, I_"G

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

THRUST CHA_ER ASSD_BLY -IOO_
COMPONENT NAME

NAME OF TEST DAT DUTY CYSLE TO C4JAR#2TTEEO LIEE

52-52701-285

t_{ MAC 2o_3olPART NAA

TEST NO 209301-14_EET 81 OFll__

II

!
g , •

I

• /_:.b / /

Throat Diameter, inches "<: '-'_/" / "--

(four measurements) '/ _/'_' '

Nozzle _xit Diameter, inches

Propellant S_mp!es

Pretest Posttest

Smnp!e Temperature, F

Sanple _p9cific Gravity

)'et _.Til gpec. Requirezents (Yes or 1;o'

Nitro gen t ].ionomethyl?e tro:_de Hydrazine

PREPARF.J) BY

FORH C:,08-8-39NEW 6-63
R-15019-2 223



RO C E ET _l)'lr _! E
OtVtetOt'_ OP" t_otqtT_ A_ICA_ AVlATIQt_L I_C

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYST_

COMPONF'NT NAME T,.RU_, CIIAI,_£'R - 1OO_/ PART NO.,FMAC 52-52"/O1-285
:' .... "_"" k NAA Pe93C).']

NAME OF TEST EAT ZI.,_Y CYC!_E,p TO GLL_.R.A}TTE_LIFE TEST NO.2093'OZ-h_EET 82 OF10_

7.I.B.2.3 Cape C;fcleTest

Test Cell Location

Test Cell Number

Test Nr_ber

Test Zate

(Reference pcragraQh 7.1.4.1)

/' l I- I.i._. ....
/

__ b /,.," "

7.) .lJ.2.J4 Luty C-'cleTest

Test Cell Locat.%on

Test Cell !lumber

Test _,umber

Test I_ate

(Reference _oaragraph7.1.II,1)

Or/. _:_T <-. :-__-",--

/) - f,; oE" .::_o

"z_.._

, OATEIWITI'IESSFJ)

-r

OATE]CERTIFIED FOR k'cOOI_NELI C_TE
FOR NAA i ¢ ...... .,,- ,,, <"./-. ...



'>i "

I

I

I

I

A OItttlllltON OI r NORTI¢I AM_[IqI_AN AVlA.qr O1_ |N_

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTFJ,I

l"MAC ",5..2-_52701-285 _ _

.PART N_t NAA --_o" _

n 83 10.5
TEST NK). 2P,O30]_-- SI_E'_T OF

. Post Hard_mre Conditlon_

/" /L r . ./
Injector ./--.('r , 7" __ .- _

'r ..- e. -y /, , .

t

,. .... //

Combustion Zone ,/-" "-/ '

/

Z//. .// " % ;"..-,-,.,.. ./_- /,'- ./ ./.

.Throat Insert /-".... _ " / "-" " "" " -'/'/

e-

1.2. -,/,. _ " -.//
. . ,,,, "

Stainless Steel Shell /#/-.

/
/ ./ , A

¢ ..

,

7 ....
9

NAA DATEICERTIFIED FOR _cDONNELI.. DATE %7"

,/. ' -"= "" " "'"_ I" "" ' ".."-".-i.¢ t'% I " _. _..

RtF,_.D8Y USAF " ' _

225
I

I
i



R C) C_ ET D_N ]EE
A '{)iVIII, ION OW NC)NTI"I AI_IIlIIIICAINI AVI,.i_TION. IN{.

DESIGN APPROVAL TEST OF COMPONENTS.

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME Tlff:USTClitrO3.vJ_ ASSE_LY - IO0_

NAME OF TEST DAT DUTY CYCLE TO GUAEANTEFD LIFE

N0"rt MAC ....5-_.[T_52701-285PART NAA209 0i.:i
Lol a_ .lo_

TEST N_D.20_SHEET '" OF' '

7,1._,6 _,':ei_.h5 Determination Test (Reference Paragraph 6.6)_, _

• " " " TC " "_
All protective closures were re2_ed from tne A_

(yes or no) ,_h_ -
• .

The TCA dry weight _.,_s I/ , _/ pounds (record to

nearest one-huhdred pound) _;_;_h

Inspection Remarks: ?_#E "" ,.......

PREPARED BY

It-15019-2

f
r



L_

Re C ]¢[,1[ET D "_f r'_ E
A Oev_$10_ OF NO_TM A'VllE_tCa_ AVI_TIO_ tNC

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME THRUST 0.::_,_.._ AO¢=',._v ."£OO-_ {MAC 52,52701-285_,.-.-".............. PART NO. NAA ?09_01

NAME OF TEST DAT Lt_Y CYCLE TO GUAPJ.I_T:ZED I,_K_E TEST N_o0930t_],Q_HEET85 OF__105

7.1.h.2.7 Hot Fire Test D_ts Reduction

7.1.h.2.7.1 Ca_e Cycle.

Ist Pulse

2nd Pulse

3rd Pulse

4th Pulse

5th Pulse

6th Pulse

Pulse buration

(_o)
(1.OC-X) sec)

i /_ _ _ _

.!.:31.

J, o.2- __

,/, ,_>-_

Time between

£c!ses,(mlnutes)

s- (5)

7# (10)

(5)

:_ (lO)

_______ (5)

Acm_..ul_ted Ca_e Cycle Firing Time, secon,Js /_j__

PREPARED BY DATEIPERFORMED BY OATE.IwITNESSEDFOR NAA DATEIcF-RI_F_EDFOR McDON._ELLjJ__

roa_ 608-B-39 NFW6--63

R-15019-2
22"7



ROCKETDY_F----
A OlWl_to_ OF twO_'f_,-4 A_,4t_I_A_ AV*ATIO_ t_C

. %

?

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

TCA skin temperature at the conclusion of "_n spec"

duration (557 sec) met the specification requirements.

(Yes or i_'o)

TCA ox!d!zer inlet tem_,erature was within specification

limits. /__5__(Yes or No)

TCA fuel inlet temoerature was within s_sc!f!eation

limits. _.__(Yes or I';o)

_C_ envirorn:ent_l tempcr2ture was w_t ...... sgecific_tion

limits. _2.1_(Yes or No)

,Accumulated _4rC Firing T_me, seconds .___ .

#_z oA._

PREPARED BY DATEiPERFORMED

 .oo e
v

FORM 608-B-39 NEW 6-63

228

BY

12-15o19-2,

e



DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

r MAC
COMPONENT NAME _UST CHA.'._m AS._' .[B!,Y - 100.7 PART NO. t NAA._._301 I

NAME OF TEST DAT DU_q_.(CYCLE TO GUAg_TE:,,-gD I,I_ TEST NO.2L223LO_L_?_SHEET__OF__

Pulse hhmb er

Firing Duration, sec

Acmtmulated Firing Time, sec

Data Slice Nmr_er

Time of Data Slice

Eaviror_meutal Pressure, psia

Environmental T_mperature , OF

Oxidizer Temperature, OF

Fuel Te_oerature, °F

Oxidizer Inlet Pressure, psia

•Fuel Inlet Pressure, psla
o

O_dizer Flowrate, lbs/sec

Fuel Fl_.,Tate, Ibs/sec

Ratio,o/f (io2+.07)*

Thrust, Ibs . (94.5+5.6) *

Specific .Impulse, sec (260 rain)*

Start Tine, _see (50 max)*

Shutd_m Tlme, msec (125 ins.x)*

Oxidizer Valve Voltage, volts

Fuel Valve VoltaGe,. volts

O_dizc_- Valve Current, amps

Fuel Valve Current, amps

Electrical Pm;er, _abts

Site Standard

D_ta Vacm_

p.,</Y.
,)

3-.-

•/.,_/ 0

) _'g 3.6o

. )_q 160

:p-I.>/._ 286

#? _, _ 280

. ),-4/. ? .. / ._/_7

_-_._

,_",/_

* For reference o_ly; applicable only under stamd_'d eon&itions of propallaut

and eu-_-o_enbal ÷_pcrat_'e and pres_uA'e®

I R-15019--2 -,
[ C

22'

n ) ._/4_ _'" " ' " V' ,)_"*;-" 4Z,": ' "'"'' "-::" ".........

FORM (_08-B-39 NEW 6-63



• OtVl_lO_ Or _O_v_ _E_ICAN AVJA_qO'4 INC

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

Pulse 1,hznber "_ _

Firing Du_ation_ sec

Accumulated Firing Time, sec

Data Slice Number

Time of Data Slice

Enviror_,ental Pressure, psia

Environmental T_mperature, OF

(rxidizcr T_mperature, OF

Fuel Temperature, OF

O_dizer Inlet Pressure, psia

Fuel Inlet Pressure, psia

(bzidizer Flo_ate, lbs/sec

Fuel Flo_ncate, lbs/sec

:I-',_ure Ratio, o/£ (1.2+.07) *

_t, Ib_ (9_.5+_.6)*

Specific Lmpulse, sec (260 rain)*

Start Tine,msec (50 maX)*

Shutd_m Time, msec (125 r._x) *

Oxidizer Valve Voltagej volts

Fuel Valve Voltage, volts

(_dizer Valve Olrrent, amps

Fuel Valve Current, amps

Electrical Pm;er, }zatts

Site Standard

Data Vacuum

/__

,.5"

, _/ 0

/;2'2

_ Z'..2. :7

2-- "2"Z ¢

,2###"

,,#L_/_¢"

/.I#

160

_o

286

280

•I/_'/

=2.-/._ _
• .d/> ":7

,;"-3 2..-.

-, Z, '/

* For reference only; applicable on!y under standard conditions of propellant

and envlronmental temperature and prossore.

230 _____ R-15019-2
_'_-"Z- ....... |'_ ............. _,_'_=i,u,v,,'_q-,_ ¢'r,D _,,,A Fu_TFIcFRTIFIED FOR i,_cOOt,lb;EL4.:"--_i:_

Wr_rlruHr_r..u o=. w-,,_. ....... _:-- ;,-- - ,. ......... _...._..<_-_--_ir°°_"°_°°' °_'_l ,._..-f_:_..,I _--t-.'_,,t_ ! .J-- ---_ I
_ ,_ •_ r-C#'- " , I....I, '/ ' "_'-.".._ERIF_ED BY USAF /----_] ElI '" I

I I _/ )-?-" : I ' - I ..../ _-]

FORM 608-8.39 NEW 6-63 '_



i-• olvtslo_,_ oP m"_O_Vb4 A_,q_ C*.',t AVlATIOf'4 Ir'_C

\

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME _..m,,,vp AS_SY . lO0;'/.

NAME OF TEST DAT DUTY CY,_QLI,,___+R.A.I__._TE:,ED LIFE,
..... r ,,

Standard

Firing Duration, .sec

Accumulated Firing Time, .see

Data Slice NuFber

Time of Data Slice

Enviror_ental Pressure, psia

Envirottw.ental Temperature, OF

Or_dizer T_mperature, °F

Fuel Temperature, eF

Oxidizer Inlet Pressure, psia

Fuel Inlet Pressure, psia

oxidizer Flea.ate, Ibs/sec

Fuel 1._o_ate, ibs/sec

I_xture Ratio, o/f (1.2+.07)*

_u_St, Ibs (94.5_+5.6)*

Specific Impulse, sec (260'rain) *

Start Tize, msec (50 _x) *"

Shutd_m Time, msec (325 max.) *

0xidizer Valve Voltage,+volts

Fuel Valve Voltage, volts

_dizer Valve Current, amps

Fuel Valve Current, &raps

Electrical Po_'er, watts

"/

•. _:_/ O

_._._ ._?,.;_,:_._,.;-Z;-/)

i_ _ 160

.,,-.r/ 16o

..Pt, ? 286

_._. ,/ 280

_d__-LZ_ I. / _- .

"'//

• %_ ,,3."_ .



A OIVI@ION OW NotaTe,4 AM¢_IICAP'_ AVIATIOn. INC

,,,*..C._. !,-..,_,-,, ,. .

DESIGN APPROVAL TEST OF COMPONENTS.

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME _.,L_, AS_,_.,L_!Z - 100#

NAME OF TEST. PAT .DU'_ _#CL'3. TO...GU_R.AI;T_'.:_D L_'_

[ MAC52--_2701"28_ ::
PARTNO.I,NAA_ O.O 01' ......
TEST NO. °2_Qg_,q_Q.._:L_HEET__-OF__

Pulse Number_.. ,/

Firing Duration, sec

Acc_unulated Firing Tim% see

Data slice N_Gber

T_e of Data Slice

Environzent_l Pres_are, psia

Enviro_t_eutal T_mperature, OF

Oxidizer Temperature, OF

Fuel Temperature, OF

_xidizer Inlet Pressure, psia

Fuel Inlet Pressure, psla

Oxidizer Flo_rate, lbs/sec

Fuel ._-g.o_._-ate, Ibs/sec

_ktxture Ratio, o/f (1.2+.07) *

Thrust, Ibs (94._+5.6) *

Specific Impulse, sec (260 rain)*

Start Time, mseb (50 max)*

Shutd_m T_e, mseC (125 zax)*

Oxidizer Valve Volta_e_ volts

Fuel Valve VoltaGe, volts

(b_idizer Valve Current, _mps

_lel Valve Current, _mps

Electrical P_Jer, _;atts

Site Standard

Data Vacuum

, _._,1 . o

..l_ .2.,.. 160

/1 y 16o

__;_._ 286

"7/-, .-'? 280

, J '_/, _ /.._k?_2/_._

., ),.i?,-/ _.s:;'# /

_.,/,, :_ , _; .'_ .,"

_. 2,t _ .,.?'.._

d'.;
c

_ ,X ,Y

._b. ,_

_ , '5__7 _

__ _'J?

7- :?.'_/

* For reference only; applicable only under standard conditions of propellant

and enviro_',ental te,nperature and pressure.
232

.-) , _,\

I' ">),"I

R-15019-2

(......... R M - -_ ...... --_
.:_ 1tPir-,IJ_ PU c L_U r ",_u.L t,.;-- u_l_- I

I
i " -_ ......... "----I i I

VERIF'IEO BY USAF /.-_- DATE]

FORM608-B-39 NEW 6-63



(DIVISION IDIe NOnTH Ah_t'I,IICAI',,I AVIA_,,)",I INC

DESIGN APPROVAL TEST OF. COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME _2____ _.o^_'_"_'mTv.,_..._,_._ 100,_

,"TNAME OF TEST DAT D,.TY CYCLE TO C]U.M_,]TEED LI, ,_

C 9 Co 0 9 Cr MA.,_: ].-,.8._

PART NO. t NAA ,_n_01
i m

_ /I<'_L

TEST NO.209"_01- _}_EET__OF__

Pulse I;umber _ ._ . ._ "-•-_.-_/_r,/'/_. 7,..t't

L_-5_/'in[:.._:ration, sec

Acc'_unu]ui.ed Firing Timej sec

ii%ta Slice N[u£oer

T_ue of Data Slice

En_dmor_nental Pressure_ psia

__r,viror_ment_l T_mperatl_e, OF

Oyidizer Temperature, °F

Fuel Temperature, OF

Oxidizer Inlet Pressure, psia

Fuel Inlet Pressure, psia

Oxidizer Flo_rrate, Ibs/sec

Fuel Flo_-_ate, Ibs/sec

]_Lxture Ratio, o/f (1.2+o07) *

Tlu_ust, los (94.5_+5.6) -_'-

Specific Impulse, sec (260 rain) *

Start Time, msec (50 max) *

Shutd_ Time, msec (12._ max) *

Oxidizer Valve Voltage, volts

Fuel Valve Voltace, volts

Oxidizer Valve Current, stops

_el Valve Current, romps

Electrical Pm;er, watts

Site Standard

Data Vacuum

/+<.7

,C

•_ 0

_ /b __ 160

_ • _& 160

286

_._2#. _2, 280

..../'/_'& . ,/? ¢/.

, )4Vb_ / .-:,_,?

•.':1<, 5 "?'_.Z

...2--_?:f _:_.,7.-.z

p.y.. _

, -/,/;Y_

;_.?..d

* For reference only; applicable only under standard conditions of propellant

and environmental temperature and pressure.

PREPARED BY
D PERFORMED .. '_< I l | _ (/. / ._'7:-------::"_-._ I

" - ,_.[- I _i.._., h.. __I--_- _ _ I
"':': " I .....
, .:," ..,', '_'-''" ..... ". ,";', .... 33!

FORM 608-B-39 NEW 6-63
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A DlVtSJON OIr NORTH A,_ICAN AVIAY:ON INC

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

52-52701-285

COMPONENT NAME THRUST gHAMBER ASS_,IBLY - 100# PART NO.{ MAC. 209301
MINI_YM INSTRUMENTATION REQUIRE_IENTS - NAA

2o93ol-401 90 105
NAME OF TEST HOT FER_ TESTS TEST NO SHEET__OF__

REMENT

Main Thrust

Main Thrust

Oxidizer Inlet Pressure

Oxidizer Inlet Pressure

Fuel Inlet Pressure

Fuel Inlet Pressure

Oxidizer Flo_meter Temperature

Fuel Flowmeter Temperature

Oxidizer Inlet Temperature

Fuel Inlet Temperature
Oxidizer Flowrate

Oxidizer Flowrate

_el Flowrate

i_el Flowrate

OxidiZer Valve Current

Fuel Valve Current

Oxidizer Valve Voltage

Fuel Valve Voltage
Local Ambient Pressure

Environmental Pressure (Fine)

Environmental Pressure (Coarse)

Environmental Temperature

TCA Wall Temperature (3 Places)

TABLE I

RANGE

(1)

(2) RESPONSE

PRECISION (SECt_ RECORDER

0-120 ib B(+O.5%) 1.25 max Null Balance
O-120 lb Y* O.OO1 Oscillograph

0-500 psig C(+l.O%) 1.25 max Null Balance

0-500 psig Y_-_ 0o001 Oscillograph

0-500 psig C(+I.0%) 1.25 max Null Balance

0-500 psig yx-_ O.O01 Oscillo_raph

0-300 F D(+5.0F) Null Balance

0-300 F D(_5.OF) Null Balance

0-300 F D(_5.0F) Null Balance

0-300 F D(_'5.OF) Null Balance

0.50-1.5 gpm 0(_'i.0%) 1.25 max Null Balance

O.50-1.5 gpm B(_'O.5%) O.001 Oscillograph

0.50-2.0 gpm C(_I.O%) 1.25 max Null Balance

O.50-2.0 _m B(+_O.5%) O.001 Oscillograph
0-I.O amp Y O.OO1 Oscillograph

0-i.O amp Y O.OO1 Oscillograph

0-40 volts y_-x-x O.001 Oscillograph

0-40 volts yx_ O.(>Dl Oscillograph

21-40 in. Hg Y Barometer

0.O-O.20 psia C(+I.0%) 1.25 max Null Balance

0.0-15.0 psia D(+'2.O%) 1.25 max Null Balance

0-300 F D(_5.0F) Null Balance

0-IOOO F D(+--2OF) Null Balance

NOTE: Additional TOA thermocouples may be added by mutual agreement between

MAC and Rocketdyne as indicated in the Test Request. Of these, a
m_r_ of three (3) must be certified with a "D" precision per

RAO2OI-U50 at a range of O-i000 F.

_h

PREPAREDBY: DATE
R. Cole

CHECKED 8,Y_, DATE
,z,/z//.:,..-.,,-T- .: •

J//" ./,1' ._.- _, __'.
FORM_O_-B-38' NEW 6-6 3
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME THRUST CHA],_:R _S_LY 100#

MIN _2FM INSTR[]'_;TATION P_UIP_E-

NAME OF TEST MENTS - HOT FI?_ TESTS

PART NO.{ MAC 52-52701-285NAA '209301

o'_ /01
TEST NO. 20 ;--'01-_HEET#,-1-.OFZ.QS_

TAELE I .

(cont'd)

1[EASURF2 _T

(1)
RESPONSE

(SEe) }_gCORIUER

Start and Cutoff, Pip

Oscillograph Drive, Pip

LIGR Drive, Pip

Camera Drive, Pip

Facility Shutoff V_lve Position, Pip

Event Ymrker, Pip

0.001

1.0

1.0

1.0

1.0

1.0

1.0

Oscillograph and

l:ax. Time Sequence

l<ax. Time Sequence

l'ax. Time Sequence

Max. Time Sequence

Max. Time Sequence

}'ax. T_<e Sequence

Response is def'r,ed as the time required for the measurement

recording system to travel from zero to full scale.

Letters designate instrumentation precision category per _0201-05C

(3) Delete for Cape Cycle Test.

PREPARED_:

R.CoIe
•IAPPROVED FOR NAA: DATE ]APPROVED FOR ,McDONNELL: DATE

"_ .-" ." _ .1 _'d-" <f #a

t 67 /,_>

DATE

CHECKED,BYe. ,. z DATE

,., " " r.'-, .....; 3-//

R-15019-2 237



OqVlm._ON OW NO_'_ A_tCAl'd AVI_VlON 0NG

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME THRUST CH,AC'3SR ASSF2.iBLY - IO0#

F'C[t_II,,'UM INSTC_F_2,_-ATION

NAME OF TEST requirements }lOT FIRE TESTS

i

NOTES

PARTNO.{MAC 2-Y2701.-28 NAA 2o73ol

TEST NO.209301"_SUHI'EE'F"'c_2OF ID.5,____j_

TABI]_ I

"(Cont'd)

: (cont'd) " "

Perform a pre test multi-step calibration and record on the oscillograph

at the following simulated thrusts; O, 6, 12, 24, 60, 72_ 84, 9_, 108,

120, 108, 96, 84, 72, 60, 24, 12, 6 and O. This shall be followed by

a pre and post test standardization and a two-step calibration

(verification) i

Perform a multi-step transfer calibration and record on the oscillograph

and DIGR at the following inlet pressures _+25 psi; 150 and 250 ps__,, and

test lock-up inlet pressure. A post test one-step transfer calibration

shall be recorded at the test lock-up imlet pressure. Record pre and

post test standardizations.

Perfor_ a multi-step calibration and record on the oscillograph at

the following voltages +I volt; 22, 30 and 26. A post test one-step
calibration shall be recoraed at 26 +I volt.

PREPARED BY: D;;)Z _R. Cole ,,f_/
"CHECKED BY: ' DATE

_"_t _, ,. .

, _..,,-ivvu-,_-JU rYt_w O-OJ

238

APPROVED FOR NAAi DATE "kP"_'(_'O FOR McDONNELl.: -D'A_'_"

_ f

R-15019-2

.I



& OIVI$10N O Ir NOF4TH AI_411_RII_Ahl AVIA¥¢OI_I. |NG

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

THRUST CHA_ER ASSD_LY- lOq#
COMPONENT NAME

NAME OF TEST DESION APPROVAL. Th;ST VJTY CYCLE

52-527ol-285f MAC.
P_RT NO.I N,C_ 209.301

No2o93o1-_£;_._3_.Io5TEST . _. cr_.__ur__

PULSE NO.

Separation

I

2

3

4

5

6

7

8

9

lo

ll

12

13

14

15
16

17

18

ON TI_,

(szc.)

3.5-

3

3

3

).5

15

3.5

15

9?

9?

97

9?

15

15"

3.5

3.5

"3

3

3

TABLE II

OFF TI_[E

(s_c.)

885

147

_7

3.47

65

65

66
..

65

53

53

53

5,3.
66

. °

65
. °

66

147

147

14?

(z)
TOT;_L ON

(szc.)

33-

34

3?

40

55

70

85

1OO

3-97

294

393.

1488

503

518

533

548

5YJ.

554

557

ELAPSED

T±._-,_N.

15

z7.5

20.0

22.5

23.85

25.20

26.55

27.90

30.40

32o90

35.14o

37.90

39.25

40.6o

LO.95

43.30

45.80

48.30

50.80 (2)

f

iPF,EPARED &'Y: DATF.

R. Cole " /

// l 4 .V'_-_--_ " _Y _

LL^_ '/L .....
tui_M_oOO-8-_O NEW 0-0 3

R-15019-2

APPROVE.D FOR NAA:

3./¢_/_..,,__ , 7,, ,/'/: , . 3
/:l

239
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DESIGN APPROVAL TEST OF COMPONENTS"

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

_HRUST (_KMBSR ASSSMBLY" I00#
COMPONENT NAME

DE:_GN APPROVAL T£.ST DUTY CYCLE
NAME OF TEST_

• -_._c 5[-527ol-2_5
,PART NO. 4 zO930'i "

LNAA,,, " ,
lo5• .o

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

NO.

ON _._

(SEC,.)_.
1

1

1

5.?5

5.75

5.75

5.75

37

37

37

37

5.75

5.75

5.75

5.75

i

I

I

TABLE II (Cont'd)

OFF T_,_

(src.)._
49

t9

49

25.75

25.75

25.75

25.75

20

20

20

20

25.75

25.75 -.

25.75

25.75

49

49

49

(:)
TOT-LL ON

(s._.)

558

559

56o

565.75

57z.5

577.25

583

620

657

69,5

731

736.75

722.5

748.25

754

755

755

757

ELLPSED

TIQ_-MIN.

51.63

52,47

53.30

53.83

5h.35

54.88

55._o

56.35

57.30

58.25

59.20

59.73

60.25

60.78

61.30

62.13

62.97

O._o (3)

L
PAZ_ARED BY: D._TF.

,CHE-C_'_._'.,gY: ..* / / ObE
/( Z_ , _

FORM 608-B.38'NEW 6_63
2&O

APPROVED FOR I_AA: DATE; IAPPROVEO FOR MCDONN,!LL: DATE

,. • 3.

R-15019-2



& _IVIIItON OF NORTH AMI_RICAN AVlAI"|ON* IN(;

./

DESIGN APPROVAL TEST OF CO_APONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME THRUST CHA_ER ASS_,;LY- I00#

NAME OF TEST, DESIGN APPZKgVAL TEST DUTY CYCLE

MAC 52-52701-285

PART NO.{NAA, 2023,O1

TEST 202301-401 93.2 .i.O5NO. , SHEET__.OF__

(z)

(2)

(3)

(2)

Includes I0 seconds of calibration firing time and 6 seconds of

simulated Cape Canaveral firing ti_e.

The TCA shall demonstrate specification perfozn_ce for an accu_,:ula-

tive fi_lng ti_e, inclu_oing calibration and si_,ulatcd Cape Canaveral

firing tine of 557 seconds _,_Ja_i_num.(;{axi_:_m tc_perature 500 ° F. )

The TCA sh_ demonstrate operation _.4_thout catastrophic chamber

•failure for an accumulative fi_d_ug time of 757 seconds _r_,ttm.

Catastropi_ic ch_]_Jer failure is defined as a condition in which

further operation _;ould endanger the spacecraft or crew. Specifi-

cally it shall include:

(a) Lack of the capability to stop propellant flow s

(b) Any flow or lea_ge" of propellants or products of

combustion fro_u locations other than the TCA erlt,

(c) T_,_perature in excess of 500 F at alkv point on TCA

e&%erior wall.

NOTE: Three tez_erature sensors shall be mounted on the

exterior wall as sho_ in Figure 6.

PaZP_ _.D_Y: D;,TE
R. Cole

c)<__CK_ 6Y: ] //'/'D,_TE

,APPROVED FOR NAA;

z

FORM 608-B-38 NEW 6-63
R-1"5019-2

DATE IAPPaOVED FCa McDONNELL: DATE

' 2&1
t



A DIV_S, IQN Ol r NO_'_IT*",( Ah'_CI_*C_N AV_AT*Of_II *_C

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME TF_UST C}!,k;..,3FLRASSSH[_[E-1OC/f " PART C MAC_'285_._
NO "" I :t NAA _c'-'Qg.O]- ....

NAME OF TEST _._ _ ._ ' _' _ R GAL SC!_':L_.TZC, TEST ,,v I I " _ " ..... ...... 0 [ I-- I "

l,_.TI:t._ CO1,;t_CTO_

FROFELD_./,,_VA_LVI_

SOLE_:OID COIL"

I

I

I.

I

I

I

I
LOOP

CRM_7 NEW 6-63
21i2

_-15019-2

B
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

CO!,:PONENT NAME

NAME OF TEST

._.,!Y.U._TCH.-'2,'B)£ ;:_,,S}"..-_Ly-IO0 _

.>_:OFLLL4".T VALVE fA(XY
P.:ESSU.::E A:_D L_V,K_,E

R-15019-2

FIG UP._ 2
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DESIGN APPROV_.L TEST OF. CO,V,PONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

• i_#
COMPONENTNAME _'H_'U<T ,-,u,,.._-_ .-'.SSP_:BLY-0

T,...U_T ........
N_ME OF TEST .,'h-_ _'.._:::._.! .......

--ft.
- -r .:

[

HELIL_I SUPPLY

t

2h_

!

P,,-_5019-2

8-

r



DESIGN APPROVAL ]%ST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

o. :

7/

ABS_;I._IE -_00

PROPEIJL_3_ VAL_ FUNCTIONAL

VOI_PAGETRACg LEAD

DZO_

4; , +

-..- T Z__ _,, O_ :, _" . ' FILTER..' _,
' .+ " . • ' 5 " _,,'+" '-H :-:." : • °-. .--'_ :'"

. ,... . __.__,,___ " _ - , ' ._:_.__ _u:.'._uv_.,.,+,.., .-
• -:"-'.: , +t :'- , , - ".. • - "--" .'" -I

;--. ""-,.'+r _ , ; "" "VAL_E " : ." ""' : ":: • " ''. • +.+".... : .' . ;' 1"

"+t""<_+_:" +.,, t_.,',+,j_.... ........ '...._o'-=', " .......' + : _',u+-, • ".." 11.-15019-2 - -.. • + _+ ." . . - .... ,+".. , - .- . " ".. -,. 2+5
W"T V_..i+.F-_ :_-ffj_,_C_,--_ •,.','-'m+_+'+,.'__,,+,,_"- _.,.._+,.,_.._,,_.-_.,,_.¢-.--_,,_-,,+._,.-+.,,,_,_ .

_.1 / I. .:..:.._ : -,,,,,.,-'_ L_u_-u-j/ ltl:.'a O_o_t - .' • " .'. . . ." -.. , - • ;
_1 1:","\ :, " ." "," "".- " • .'..> ;,:'" ":. ". ;" : . ..... .*':".'" .... :.':'-'-" '.'-'_ ",,: ....... "- " " •
i_ _ • . -,,_" " • :% • ; • . ". ,.'.. • "- . , . . " • .... t,_. - • . ", .. - • "," _, - "- . , : . '
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DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AN'D MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST

'_PilF.USTCIIA,_'_].RASS]:2CBLY -iO_

FI{OPELL_J{T VALVE VOLTAGE

AND CUIi,k[,,NTTKACF_

i

r MAC _ __--°__2-_2-__-_._z

TEST . ]': -98 __
NO _-:L_v-- SF,EE i:" _:" 01-.:'_: "__

.I

I....

\

....., _Jo-o-3l ;__w o-b/I

21_6

(

- .

o _0v_0A

• J< ' ,,

\

\I....

Lf.,_._PdND o

H

t_ v-_ ,4 u'l

V--

It-15019-2

i i

g_

8

8

B

8

8
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COMPONENT NAME

NAME OF TEST

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MAIIEUVER SYSTEM

MAC 52-52701-285THRUSTC._:Sm ASS'._._BLY- 100# PARTNO. NAA2__2_01--

T_tOP£EIJANT FEED SYSTem,{ TEST NO. 209501 -_EE'I 9_OF t0__5

FILTER iL:,..,__i I

GN2 PURGE LINE

ORIFICE

T_mSm__ _%--_,'L'1'"
• • _ ,,-I!I

ACCU_IATOR

NOTE :

1 ) If turbine-type f].o_:eter is used _nount

such that the turbine axis of rotation

is in a horizontal plane.

2) Flo_,eter inlet and outlet feed lines

shall be of equal dim_eter.

3) Propel]ant feed lines _ps+Jream of the

in!_.-':, r_res_ure transducers shall be 3/8"
O,D. minLmum. .

4) In,_t_mentation ])recision and respo_:se

requirements are noted in Table I.

5) _e TCA shall be mounLed to fire vertical].

do%_ward.

TCA p:)r,o:,,: ._,,_,,__rT _-'D..,- SYS._£N SCI{I;2.;ATIC
"--_VOI&; 6

-FORM605-B,37 NEW 6-63

R-15019-2

___&
PR('PELfA/;T BLEED _ _{LET P.;LESSURE TRANSDUCER ( OSC. )
LINE

FORCE I-_ASLU{iNG CELL TOP

TCA _,,;_:T- .----] _ o _--_VILW

T}_iP_IRA%_E S}I,_SOR

TEE, h:%ATURE S'_SORo _ _

( :_req'd) _k. Y

FCR DATDUTY CYCI_

_ 4.0 In.
/-----{]- __

_nroat plane

SIDE Vlk:,q

_!2z,?



A OlV11_iO_i OF _OMTN Ak_J_RIC41'V AVIATIO_ INC

COMPONENT NAME

NAME OF TEST

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM ..

I" MAC_2? O1-285 -

T}E,t.UST CHA__-[B£/_.ASSE,_.3LY- 1OO# pART NO. t NAA209301.
, t , ,

VIBraTION TEST NO.2093 01, }H01E'I-1OO ,gF 10._!_Q5,;

• -Z

MAC NOZZLE
+Z

EXTENSION

D

] _CCT,'L:,'_q,V_p.S•

!

Y

/
RF_PONSE AXIS

XYZ

NUrE: The MAC TCA }h opellant Valve

Support Bracket, simulated

Spacecraft Tubing and }'ounting

Brackets not shown.

2

3

XYZ

XYZ

2_8

FIGUP_E 7

R-15O19-2
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DESIGN APPROVAL TEST OF COMPONENTS

FOR :[HE ORBIT ATTITUDE AND MANEUVER SYSTEM .

• . .,

COMPONENT NAME TmUST CH,;,3.,"gL_A_EI_IY-!00 # PART NO._, NAA_ _O,%30}-

NAME OF TEST 9R.O?ELT__ Vj_TVE .EL_C'i'RICAL ?.EgIST._A'!CETEST N¢" 4u:x._u_.-.-_-_LL= _..,._ ''-"

9

9

9

9

9
r



A OtVSSIO_ OV _,,iOMT_ A_C_,C_e_ AVIAV'ON. _NC

DESIGN APPROVAL TEST OF COMPONEN'i's

,, .F

t

|@

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME THRUST CHA],;BE_ ASS_,q_IZ -IOCA_

NAME OF TEST CC],_PG4ENT T_I£T t;CDIFICATIG_

,.,MAC 52-52701-285

PART NO.,. NAA 209301

TESTNO._-oQ_ol_____=J_°H_-'rJ-m--_oF;c,.._

I
I

r

FIGURE I0 . • •

251



_,_0 C _ _'_" _'_" _
• DtvtI00_ Ow i,_O_T_,4 A_MIC_ _¥mAWeO_ ¢_C

.I

DESIGN APPROVAL TEST OF COMPONENTS

FOR I'HE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST

THRUST CHM_BER AZS'_<BLY -100#

COMPOI,iLNT TEST MODIFICATI£_

52-52701-285

TEST NO. 20_.p01TSHEET lO.t_)F 1_____

t

Thrust Ch__mber Assembly

(Injector _ View)

Inlet Adapter

!

PROPELTANT !r.',.TD._ _ir.._! _. A D_,>T,.,-Ra_IE'B;T".T!O}/

L,..--..,.,., .

_zc_x _o-a-37 _.w 663

252

FIGUP_ IOA

•" R-15019_
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iA Olvl610_ or NO.T04 _MCm C._N AVIA'r|oW"ktNC

DESIGN APPROVAL TEST OF COMPONENTS

FOR THE ORBIT ATTITUDE AND MANEUVER SYSTEM

COMPONENT NAME

NAME OF TEST

THRUST CHA_.BER ASSE_.gLY - ."10'0#

THRUST PULSE PAi%_,_-'TERS

,0{_,,c,___-_.2_.o_:_5_PART NAA __2Cp_l:
-/O

TEST NG 2_Q2201_SHEIEI!0_ ,_rI__05_

TI_

ON

SIG_'.,AL

P_D_ PULSE

_XRUST :F,-,,
9_ m

'1
_ FIRS_ I

INDICATION

STAR_ --_

EFFECTIVE

FIRING TI_

DURAT ION

SIGNAL WIDTH

t " °

OFF

SIGNAL

\
i L .

.,___ ShqlE DOWN

FIGURE 11

rCRM'_d-31 NEW 6:63

R-15019-2 253
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